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PREFACE TO THE EN(;LISH EDITION 


Tn the Dutch, French and German lanj^uages \ve liave published a series of books 
under the title of “Data and Circuits of Modern Receiving and Amplifying Valves'’. 


The obje(‘t A^as to enable the consumers of our valves to get a clear and conveniently 
arranged survey of all data and characteristics of the valves produced by us. 


Not long after it appeared that these books met, and still meet, such a long-felt want 
that we felt no longer justified in restricting ourselves to these three editions and 
therefor(\ ve decided in favour of an English edition of the whole aeries, so that also 
the English speaking consumer may be able to get an insight into this matter. 


The series consists of three books containing the data and characteristics of all r(*ceiving, 
amplifying, rectifying and regulating valves produced by us since 1933—1950. Thus 
a complete documentation is supplied regardless whether any particular 
types are still produced or available in all countries. 


The first liook, titled “Data and ('ircuits of Receiving and Amplifying Valves” is 
published as Book 11 of th(‘ s(Ties of books on Electronic Valves—part of Philips' 
Tecluiical and Scientific Librar\. 

Besides the receiving, amplifMiig, rectifying and regulating valves produced from 
1033—1939, it contains a gr(‘at many descriptions of circuiting diagrams showing how 
the various valves can be usc‘(l, as mcU as the Philips measuring instruments for labo¬ 
ratories and v'orkshops. 


The second liook \\ ith the same title is published as Book 111 of the s(*n(‘s on Electronic 
Valves and is set on the same lines as Book 11. It contains the data of th(‘ k<\v-valves 
brought out in 1940—1941 and has 220 pages with 2(57 ligures. 

iluring the eneni\ occupation (1942— 1944) no new t\pes of valves w(‘re plac(‘d on the 
market, though research in our laboratories for further developnic‘nt v\ as not suspended. 


On the contrary an entirely new series of valves, the Rimlock A7ilvc*s, were designc'd of 
which several series and tyjies have* now been placed on th(‘ market. 

The description and characteristics of these iu‘V\ valvi‘s are to b(‘ found in the third 
book of the sanu' titel “Data and (7rcuits“, 2n(l supphunent, it is Book 111 A of the 
series on Electronic Valves. Its size is 6" 9" appr. .‘loU pages with many illustra¬ 

tions. (In preparation.) 

It contains the Receiving and Amplifying \7ilves brought out in thi' yi'ars 194/)- 1950 
and the principal group discussed arc* the Rimlock Valvc‘s. 

Great attention has been paid to the application of these valves bv nu'ans of a great 
many circuiting diagrams of ap])aratus in which the> are employed, while* the latest 
measuring apjiaratus for worksho])s and laboratories are again dealt with. 

It is our intention that in the future this series will be continued as and when new types 
of valves arc* placed on the market. These new books will be publishc'd as Book 111 By 
Book me, etc. 



INTRODUCTION 


Boole I in this series deals with the fundamentals of radio valve tech¬ 
nology. The present publication, Book II, contains more or less comprehen¬ 
sive descriptions of a large number of receiving and amplifying valves 
suita})le for use on all types of current. It also furnishes full technical data 
and characteristics of the latest Philips receiving, amplifying and recti¬ 
fying valves, current regulators and stabilizers and, further, in tabular 
form, details of other types of receiving and rectifying valves, electronic 
tubes as cathode-ray tubes, photoelectric cells, etc., which, although not 
immediately concerned with radio reception, are nevertheless of great 
im])(>riance in that sphere, e.g. for television, measurement by means of 
(‘lectronic indicators, or for special equipment. 

The ])resent work bears a special relation to the reception of radio telephony. 
In general, the valve descriptions are as brief as possible, but here and 
ther<" it has been found unavoidable to enlarge upon the newer principles, 
for f*xample, the question of secondary emission in the case of the secondary 
(‘mission valve EEP 1. The principal data of each valve are given for the 
])ur])oses of their application and, where necessary, circuit diagrams are 
included. Of the complete data and characteristics as measured in respect 
of cv(‘ry valve type, only the more important factors are published* 
})rimar]ly in vi(*w of the limitations set on the size of the book and, 
secondly, in order not to destroy the picture as a whole. In this way 
A.O. valves, A.C./D.(\ types, battery and amplifying valves, are all 
dealt with in turn. Complete circuit diagrams illustrating the uses of 
th(‘se valves will be found in th(‘ final chapters, which contain com- 
])reh(‘nsivo receiver circuits with their descriptions; all the circuits 
illustrated have been amply tried out in practice. A number of circuits 
for gramophone amplifiers have also been included as falling vdthin the 
same category, whilst in the closing chapters short descriptions are given 
of Philips measuring instruments, as employed in the development and 
testing of receivers eipxipped with Philips valves. These instruments are 
not only extr(‘mely useful for servicing purposes but are indispensable in 
any well-equipped laboratory. 

The opening chapters of this work contain general hints on the uses of 
receiving valves and electronic tubes of great value to the constructor and, 
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if undesirable connections or faulty applications of the valves are to be 
avoided, the reader would do well to peruse the instructions carefully; 
only in this way can ultimate disappointment be prevented. 

This book is of interest to all who are concerned with radio receivers in 
general, with associated equipment or electronic tubes. It has been written 
for the designer, service dealer, amateur and student, and the material 
contained in the following pages may be regarded as the outcome of 
countless measurements and much practical experience in the use of radio 
valves. Moreover, the information given is furnished by the cooperation 
of a very large number of experts in the factories and laboratories 
of the Philips organization. It will be of great value both to the practical 
enthusiast and to the more theoretically-minded technician. 
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General Instractions for the correct use of Philips Valves 


From the point of view of the heater supply, valves can be divided into three groups, iviz; 

1) those whose application is based on the heater voltage, that is to say, with 
heaters connected in parallel to a source of supply such as a transformer or 
battery (e.g., 4 V A.C. valves or 2 V battery valves); 

2) those whose application is based on the heater current, the heaters being connected 
to the source in series (e.g., 180 mA D.C\ valves or valves used exclusively for 
A.C./D.C.); 

3) valves which can be selected according to their heater voltage or to their heater current, 
i.e. those suitable for parallel and series connection (e.g., 6.3 V valves used both 
for A.C. parallel supply and for A.C./D.C. series supply). 

In case 1) where the heater voltage is the guiding factor, the data and characteristics 
refer to the specified value of the heater voltage. In case 2) where the basic consider¬ 
ation is the heater current, all the data apply to the specified value of the heater 
current. It should be noted that in case 1) the average value of the heater current 
should be taken into account and in case 2) the average value of the voltage. 

For valves which are suitable both for series and for parallel operation the data given 
in the tables refer to the use of the valve not only at the specified heater voltage but 
also at the indicated current. 

THE VALVE DATA 

Properties such as the mutual conductance, internal resistance, etc., are given with 
res{)cct to a certain value of the anode current, which is in each case such that optimum 
results will be ensured under normal conditions. Since the anode current should be 
regarded as the guiding factoi, the grid voltage values given must be taken to be 
average values. All total values are the outcome of measurements at the working 
voltages and currents as specified and they should be looked upon as averages obtained 
from tests on a very large number of valves. Unless otherwise stated, data concerning 
pentodes having separately connected suppressor grid may be considered as having 
l)een obtained with this suppressor grid connected to the cathode. All voltages an' 
given with respect to the cathode. In the case of battery valves, voltages are quoted 
with respect to the negative end of the filament, whilst the other data refer to the 
grid bias indicated. 

MAXIMUM RATINGS 

The maximum values of voltage, current, load, etc., for the mains voltage on which 
the receiver is to operate, should in no circumstance be exceeded. When designing the 
receiver it is essential to take steps to avoid voltage variations that may be 
occasioned by changes in signal strength or differences in the tolerances of the com¬ 
ponents. Allowance is made for the possibility that the anode voltage of pentodes 
— at the nominal mains voltage — may increase at most 5 above the specified 
maximum values as a result of variations in signal strength in the receiver. 

In the given values of current, voltage and power, allowance has further been made 
for mains voltage variations of -f 10 to —10%. If even greater variations 
are anticipated it is recommended that the working voltages with respect to the 
normal mains voltage be placed at a correspondingly lower level. The heater voltage 
supplic'd by the appropriate transformer must never exceed + 5 or —S of the 
indicated maximum value. In connection with these tolerances the actual average 
of the mains voltage must be taken into consideration. 

Valves for car-radio receivers are constructed for feeding from car batteries (lead 
accumulators), and battery valves for both accumulators and dry batteries (the valves 
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in the “D” series) may also be fed in series through a high-tension unit working from 
the mains. The tolerances of the series resistors in D.C. or A.C./D.C. receivers should 
meet the requirement that the heater current, at the actual average mains voltage, 
does not exceed ± 3 %. If instead of a fixed resistor a barretter is employed 
limits of ih % niay be allowed in view of the compensating action of these tubes 
In some valves employed for A.F. amplification the maximum permissible sensitivity 
is given for 60 mW output power from the final valve, in view of possible microphony; 
the minimum permissible alternating grid voltage to produce an output of 50 mW 
from that valve must be taken into account. From this value it is possible to calculate 
the maximum permissible amplification obtainable without risk of microphony. 

The above-mentioned values merely indicate an order of size and they refer to normal 
receivers fitted with loudspeakers of average sensitivity. With pentodes having a 
separate external connection for the suppressor grid, when controlling the internal 
resistance by means of this grid, care should be taken that the maximum scrt'cn 
load is not exceeded. For each valve a maximum value is given in respect of the 
resistance between grid and cathode and in many cases more than one value, e.g., 
with respect to both automatic and fixed grid bias. This resistance consists of the 
various resistance elements between grid and cathode in the circuit, such as the grid 
leak, smoothing resistance (as in the case of automatic gain control) and cathode 
(bias) resistance. It is preferable to select a value below the maximum permissible 
resistance; only in extreme cases should this maximum cathode-grid resistance value 
be permitted. 

The resistance of a diode without negative delay voltage may be estimated at 
10,000 ohms. If it is not possible to earth the cathodes directly this should always 
be done through a capacitor sufficiently large to handle the frequencies of the alter¬ 
nating voltages present. 

To avoid interference there must be neither A.F. nor R.F. voltages between the 
cathode and the heater, or chassis. In the case of A.F. negative feed-back part of 
the cathode resistor in A.F. amplifying valves need not nec'cssarily be decoupled 
by a capacitor (at most 50 ohms). With output valves it is not essential to decouple 
the cathode resistor at all. 

The maximum permissible voltage between cathode and heater, unless otherwise 
stated, in every case refers to the D.(^. voltage, or the peak alternating voltage at 
mains frequency. R.F. and A.F. voltages between cathode and heater must be avoided 
to prevent interference. 

To prevent spluttering effects from indirectly-heated rectify ing valves a sufficiently high 
ohmic resistance of the mains transformer must be ensured; the lowest satisfactory value 
of this resistance is Rt — Rs + u'-'Rp, this being dependent upon the first smoothing 
capacitor. If this value is not obtained a resistor R is to be included in each anode 
circuit, the combined value of these being such that Rtmin = R -f Rs + u®Rp. In this 
formula Rs is the resistance of the secondary winding of the transformer to be used 
with single- anode rectifying valves, or the resistance of half the secondary winding in 
the case of full-wave rectification. Valves mu.st never be mounted upside down, i.e. 
base upwards. Horizontal mounting may be resorted to if no better arrangement is 
possible. Directly-heated rectifying valves should be so mounted that the anode faces are 
vertical, that is to say, the plane in which the filaments are suspended should be vertical. 
In car-radio sets the following valve types should be used exclusively: EBC 3, EF9, EK 2, 
EL 2, ELL 1, EM 4, EZ2, FZ 1, EBC 11, ECH 11, EDD 11, EF 11, EZ 11. Receivers 
fitted with pentode output valves frequently have a switch for cutting out the built-in 
loudspeaker, but if the secondary side of the speaker transformer is thus open-circuited 
without the extension speaker being connected the screen grid of the output valve 
may be very heavily overloaded. Care should therefore be taken to prevent 
this. 



Explanatory Notes 


on the General Instructions for the use of Philips valves in radio 
receivers and amplifiers and on the maximum ratings. 

1. Maximum voltage on an electrode in the cold condition 

By “voltage in cold condition” is meant the potential existing at an electrode of the 
cold valve. Generally speaking, when a receiver is switched on the anode and heater 
voltages are applied simultaneously, but if the valves are of the indirectly-heated type 
and the rectifier for the anode supply is directly-heated the electrodes of the receiving 
valve receive the full direct voltage almost immediately after switching on. The 
(‘athodes of the indirectly-heated valves are then still cold and cannot emit, so that 
the rectifier section of the receiver is not fully loaded, if loading is not provided by 
means of potential dividers; consequently the voltages on the electrodes become very 
much higher than is the case under normal working conditions. In order to avoid 
flash-over, the maximum voltage in respect of the cold condition as ► specified must 
not be exceeded. 

In variable-mu pentodes to'which A.G.C. is applied the anode and screen current 
are practically nil, and voltage losses in smoothing circuits or in the dropping resistance 
of potential dividers are therefore also very low; the electrode potentials are then higher 
than in the uncontrolled condition, and in such cases these potentials should roughly 
approximate the maximum voltage in the cold condition. 

2. Maximum constant loading of electrodes 

By this IS meant the average power in watts consumed by an electrode. This load 
determines the temperature of the electrode and can be obtained from the current 
flowing in that electrode, with no signal at the grid, multiplied by the relative D.C. 
voltage. The currents passing to the electrodes and the voltage present there should 
always be such that the maximum constant load on the electrode is never exceeded^ 
even for a very short period. In output valves the average screen-grid current increases ^ 
on full load and, for correct operation, a maximum constant load (dissipation) is 
quoted for the screen, with no signal on the grid, whilst the given maximum constant 
load for maximum modulation is a measure of whether the screen is overloaded or not, 

3. Screen current variations in pentodes 

Since the value's given relate to a particular anode current, limit-values are frequently 
indicated for pentodes, between which the screen-grid current may vary when the 
anode current is in accordance with the published data. These maximum values make 
it possible to ascertain beforehand by how much the powder of a valve varies from 
or exceeds the specified limit in any given circuit. 

4. Maximum cathode current 

The maximum cathode current is indicated in respect of every valve type and must 
in no case be exceeded; otherwise the cathode will sustain damage. The cathode current 
is made up of the currents passing through the various electrodes and may be 
checked best by means of a milli- or micro-ammeter in the cathode circuit. 

5. Limit values at which grid current occurs 

A value of grid bi^is is specified for each valve type, at which grid current will positively 
not occur, having due regard to the tolerances of the valve. The maximum permissible 
grid current at the maximum rating of the grid bias is taken to be + 0.3 /aA. 
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6. Maximum resistance between grid and cathode 

There is almost always some risk of primary grid emission, especially in valves which 
tend to become very hot. This emission is caused by the deposition of small portions 
of the emissive substance upon the grid, thermal emission taking place when the grid 
becomes hot. Since the grid then emits electrons (negative charges) it becomes less 
negative, whilst high resistance between the grid and cathode prevents the occurrence 
of sufficient current to comptmsate the remaining positive charge. The reduced negative 
charge on the grid causes the anode current to rise and the valve then overloads, 
with the result that the grid emission is further increased. Fltimately the valve will 
work with practically no grid bias and the anode current accordingly rises to such a 
level that in a very short time the components of the valve become overheated and 
produce gases. Due to ionisation of these gases the heater, or the cathode, is bombarded 
with positive ions and their emission is reduced. 

In order that these injurious processes may be avoided, in each case a maximum 
value is given for the total permissible resistance between grid and cathode. 
In R.F. valves this value is higher than in output valves, in view of the fact that the 
latter carry heavier currents and operate at higher temperatures. 

The effects of grid emission are to a certain extent compensated by the use of automatic 
grid bias, obtained by including a resistor in the cathode or negative filament 
circuit; any increase in anode curremt then produces a corresponding increase in the 
bias which in turn reduces the anode current again. In view of this, two values are 
frequently given for the maximum grid-to-cathode resistance, one with respect to 
automatic bias and one for fixed bias. In the latter case the maximum resistance* 
value is the lesser. 

For high-mutual-conductance pentodes the maximum value of the grid-cathode 
resistor is given only with respect to operation with automatic grid bias. A so-called 
semi-automatic bias, provided for instance by the voltage drop across a resistor 
in the negative H.T. line of the receiver, may be employed in all cases where the cathode 
current of the output valve is in excess of 50 % of the total current passing through 
the resistor producing the voltage drop. The maximum value of the grid-cathode 
resistor Rgik, for automatic bias, is then reduced according to the equation: 

Cathode current of output valve \ R k 

Total current in resistor producing voltage drop 
It is always better to work on the lowest possible grid-cathode resistance and not to 
adhere to the maximum value quoted. 

7. Maximum voltage between heater and cathode 

Since the insulation between the heater and the cathode consists of a very thin layer of 
aluminium oxide and this is naturally capable of withstanding only small variations 
in voltage, a maximum voltage value is stated with respect to each valve type; since 
D.C. voltage variations might tend to cause electrolysis, this maximum value in each 
case takes into account both the D.C. voltage and the effective value* of the alternating 
voltage. 

With indirectly-heated valves the secondary side of the heater transformer is frequently 
earthed, whilst the cathode is at a certain potential with respect to earth depending 
on the circuit employed. Now in A.C./D.C. receivers certain types of 'valve will produce 
high potentials between heater and cathode, seeing that the former is connected in 
series with the mains, whereas the cathodes themselves are usually at a potential that 
does not differ very much from that of the chassis. In such cases due consideration 
must be given to the maximum permissible voltage between heater and cathode. 

8. Maximum resistance between heater and cathode 

If a resistor is included between the heater and the cathode of an indirectly-heated 
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valve, for instance to provide automatic grid bias, this resistor must be limited to 
a definite value, as prescribed for each valve tjrpe. Due to the potential difference 
between heater and cathode, leak currents occur between the two, across the insulation. 
If the value of the resistor is too high the operating point of the valve is 
changed and fluctuates along the characteristic in accordance with the irregularities 
in the leak current. The working of the valve is then no longer uniform and, moreover, 
the insulation is more heavily loaded and suffers in consequence. 

Should components in the cathode-chassis circuit be insufficiently decoupled, alternating 
voltages at the frequency of the signal on the grid will occur across those components 
and thus also between the cathode and the heater; as a result of the accompanying 
modifications in the heater-cathode insulation, interfering frequencies are introduced 
which manifedt themselves as a crackle in the loudspeaker. Cathodes should therefore 
always be decoupled with sufficiently high capacitances. 

In circuits including negative feed-back across a part of the bias resistor, or, in the 
case of output valves, across the whole of it, the decoupling capacitor is frequently 
dispensed with; since the A.F. alternating voltages between cathode and earth are 
relatively small, such circuits will not necessarily give any trouble from the point 
of view of hum and crackle. 
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Hints on tte use of Philips cathode-ray tubes 


The following suggestions will be found very useful in the operation 
of cathode ray-tubes 


MOUNTING 

Cathode-ray tubes should be mounted preferably in an earthed metal housing, sheet 
iron 1 mm in thickness being very suitable for this purpose. This is necessary to 
counteract interference caused by magnetic fields; also to protect the tube from me¬ 
chanical damage and to offer protection against the very high voltages involved. 
Precautions should be taken to see that the housing is quite free from magnetism. 
All parts having a high voltage should be adequately shielded, so that they cannot 
be touched, and the use of a safety switch in conjunction with any closures giving 
access to such parts is to be recommended. The positive side of the supply section 
must be earthed, as this renders dangerous voltages less accessible. It should be 
remembered, for instance, that as a result of the breakdown of a capacitor, or an 
incorrect connection, certain components not normally at a high voltage may be 
rendered dangerously “live'’. The mains voltage should therefore alwaj'S be switched 
off before anything in Jthe circuit is touched, and capacitors should be duly discharged 
by shorting them. 

Earthing of the 2nd or Jlrd anode results in the heater transformer (or battery if such 
is used) being at a high voltage below earth, and due allowance must be made for this 
in regard to the insulation. 

From the above ^)oints it follows that the tube socket needs to be of the highest 
quality insulating material and that the spacing betw^een the contact sockets, springs 
and the chassis must be very ciarcfully determined. 


DEFLECTION 

When electrostatic deflection is employed tlu' deflector plates not in use must be 
earthed, and if one or more* of these plates are connected through a capacitor it is 
advisable also to earth them through a 5-megohm resistor to avoid static charges 
on the plates. 


CENTERING THE IMAGE 

If the image should not be in the centre of the screen this can be remedied in the 
following way: 

a) Electrostatic dcfiection 

An auxiliary voltage may be applied betw(‘en the dellector plates and the main 
anode, but as an eccentric spot is in most cases produced by an interfering magnetic 
field an opposing field will also correct the error. 

b) Electromagnetic deflection. 

Improvement can be made by passing a direct current through the deflector coils. 
This can also be resorted to if and when a part of the scretn becomes burnt, for 
by this means it is possible to change* the location of the image. 

BRIGHTNESS OF THE IMAGE 

The brightness of the image is dependent upon the intensity of the electron stream 
passing from the cathode to the screen, (’ontrol may be by means of the grid voltage*. 
A esertain degree of brightness is obtained at a high anode voltage with high grid 
bias, but also at a lower anode potential and correspondingly lower grid veiltage; 
in the first instance, however, a smaller light spot (finer line) is produced. 
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DEFINITION 

Effective smoothing of the rectified high tension is essential; generally speaking, the 
ripple should not exceed 1 % of the anode voltage. 

a) Electrostatic focusing. 

The definition is governed by the ratio between the potentials on the main and 
auxiliary anodes, the^normal ratio being stated for each separate type of tube. 
Definition is adjusted by varying the voltage on the auxiliary anode. 

h) Electromagnetic focusing. 

The definition of the spot can also be controlled by varying the flow of current 
in the focusing coil. The smaller the distance from the coil to the screen, the lower 
the required current for sharp definition. 

SENSITIVITY 

a) Electrostatic defUclion, 

The sensitivity of the deflector plates is inversely proportional to the anode voltage; 
at the maximum permissible anode potential, sensitivity is the lowest. At the same 
time, under such conditions, the tube is the least sensitive to interference from 
external electromagnetic fields. 

The use of a symmetricil circuit often makes it necessary to connect the deflector 
plates through a capacitor of 0.1 to 1 fiF and to earth them across a resistor. 
The value of this resistor should be as low as possible to ensure that the potential 
produced on tlu* plates by the secondary electron stream from the screen is not 
increased to the extent where it will have a retroactive effect on the voltage under 
investigation. It is true that a low value of the resistance will represent a load on 
the appied voltage*, but as long as the internal resistance of the source of potential 
is also slight, this load will have no perceptible effect. 

b) Electromagnetic deflection. 

With electro-magnetic deflection, the sensitivity is inversely proportional to the 
square root of the applied voltage. The above remarks with regard to the anode 
voltage also apply hen*. 

NOTES 

1) In no circumstances should the grid be given a positive potential with respect 
to the cathode. 

2) Care should be taken to see that the light spot does not remain stationary on the 
screen, as this causes burning of the latter. 

2) It is advisable to apply the time voltage (sinusoidal or sawtooth voltage from the 
time base) to those deflector plates which arc the most remote from the cathode 
(Da and Dj'). Sensitivity is at its lowest at these plates, whilst the load produced 
by secondary electrons from the screen is greatest. In these circumstances the other 
pair of deflectors have the best characteristics for the voltage under investigation. 

CONNECTIONS TO THE BASE 

A tolerance of about 10 been allowed for in the mounting of the base, with 

respect to the deflector plates. It should be borne in mind, further, that the cathode 
is connected to one end of the filament, for which reason the cathode connection in 
the feed section should be connected to that point. If this is not done, the cathode will 
be at an undesired potential of 4 V A.C. (or 6.3 V as the case may be) with respect 
1o the grid and this may in turn possibly cause intensity modulation. 
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Type -nnmbering of Philips valves 
Receiving, amplifying and rectifying valves 


Originally, the type numbers of the valves consisted of a capital letter and a number 
of 3 or 4 figures. The letter indicated the heater current in accordance with the 
following: 


A - heater current of 0.06 to 0.10 A 

B .0.10 to 0.20 A 

C .0.20 to 0.40 A 

D ., „ 0.40 to 0.70 A 

E - .0.70 to 1.25 A 

F ,, „ 1.25 A or higher. 


The first figure, or, in the case of 4 figures, the first two gave the value of the lu*ater 
voltage; the two final figures represented the gain factor at the working point as 
applicable to triodes, but for valves having more than one grid the meanings were 
as folio w^s: 

41, 51, etc. tetrodes witli space-charge grid (double-grid valves) 

42, 52, etc. R.F. screen-grid valves 

43, 53, etc. output pentodes 

44, 54, etc. binodes 

45, 55, etc. variable-mu K.F. tetrodes 

46, 56, etc. R.F. pentodes 

47, 57, etc. variable-mu R.F. p(*ntodes 

48, 58, etc. mixer hexodes 

49, 50, etc. variable-mu hexodch. 

For instance, the E 499 is a triode of which the heater current lies between 0.70 and 
1.25 A (in actual fact it is 1.0 A), with a heater voltage of 4 V and a gain factor of 99. 
It was subsequently found impossible, however, to designate all valve types by this 
method and in 1934 a new system w^as introduced which sufficiently typifies all the 
newer kinds of valve. 

The type number of recent Philips receiving valves comprises a number of capital 
letters and a numeral, the latter following directly after the letters. Of the latter, 
the first shows the series to w hich the valve belongs, whilst the second indicati‘8 the 
type of valve. In the case of composite valves various letters arc employed instead 
of the second letter, one for each individual system contained within the valve. A 
numeral then follows, this being a serial number which is so selected that one and 
the same valve type in any of the various series (with the exception of the initial 
letter) will bear the same type number. 

Barretters (iron-hydrogen tubes) are given only one letter, to represent the series, 
followed by a numeral. 
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The following table indicates the meaning of the different letters employed 


First letter: 

Valve series 

Second and subse¬ 
quent letters: 

Valve type 

Figure: 

Serial number 

A = 4 V A.C. series 

B = 180 niA D.C. series 

C = 200 mA A.C./D.C. 
series 

D — max. 1.4 V battery 
series 

E - 6.3 V A.C. and car- 

radio series 

F - 13 V car-radio series 

H 4 V battery series 

K 2 V battery series 

r 100 ill A A.C./D.C. 

series 

V - 50 mA A.C./D.C. 
scries 

A = diode 

B = double diode 

C triode, except output 

valves 

D output triode 

E - tetrode 

F — R.F. pentode amph- 
fier 

H ” hexode or heptode 

K -= octode 

L ^ output pentode 

M — electronic indicator 

X — full-wave gasfilled 
rectifying valve 

Y half-wa\e high va¬ 

cuum rectif 3 "mg valve 

Z full-wave high va¬ 

cuum rectifying valve 

On the introduction of 
a new valve type in a 
given kind, the next 
following free number is 
used. 


Examples 

One of the later Philips valves is the EF 9; E shows the heater voltage to be 6.3 V; 
F indicates that it is an R.F, pentode (or R.F. amplifier). The figure 9 is a grade 
number. 

The ABC 1 furnishes another example; the letter A tells us that it is a 4 V A.C, 
valve; B and C point to a combination of double-diode and triode. The same valve, 
but having a heater current of 200 mA for series supply in A.C./D.C. receivers, is 
known as the CBC 1. The EAB 1 is a triple-diode in the 6.3 V series, that is, a combina¬ 
tion of diode (A) and double-diode (B). The KDD 1 is a 2 V valve for battery ope¬ 
ration (K), consisting of two output triodes (D). Barretters in the 200 mA A.C./D.C. 
series are known as the Cl, C 2, C 3 and so on. 

NOTE 

Many siieoial types not included in the standard range are given in a different form 
of code; for instance, the 4641 and 4654 amplifying valves and many others. In future, 
how'ever, all new" special valves will be distinguished in accordance w’ith the letter- 
numeral code, with numerals commencing at 50. 

Type numbering of cathode-ray tubes 

Cathode-ray tubes are coded in the same way as receiving valves, by means of letters 
and numerals, but the first letter now indicates the method of deflection of the cathode 
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ray, i.e. electrostatic or electromagnetic. A second letter is added to give the colour 
of the light spot on the screen and subsequent numbers indicate the approximate 
diameter of the screen in centimetres. A numeral, separated from the rest by a stroke, 
is used as serial number and, besides serving to distinguish the different models,- 
indicates whether the tube is of a later type. For example. Type No. DG 16—1 shows 
that the tube is the first model of a particular type having double electrostatic deflec¬ 
tion, green fluorescent screen and a diameter of 16 cm. 

The following table gives the meanings of the letters and numerals employed. 


First letter 

Second letter 

Numeral preceding 
the stroke 

Numeral 
following 
th(* stroke 

Method of 
deflection of 
the ray 

C^olour of spot or 
characteristics 
of the screen 

Diameter of 
screen in cm. 

Serial number 

D — Double elec¬ 
trostatic de¬ 
flection. 

S Electrostatic 

deflection, but 
only in one 
direction. 
(Deflection in 
the other di¬ 
rection may be 
electro-mag¬ 
netic). 

M Magnetic d<*- 
flection in both 
directions. 

B - blue 
(j green 

N ^ persistent 

R = long persistent 
S — sepia 

W — white 

7 effective 

screen dia. 

7 cm. 

0 effective 

screen dia. 

9 cm. 

When a particular 
tube is introduced 
in a new model it 
is given the next 
consecutive num¬ 
ber. The first model 
is No. 1, then fol- 
lous No. 2, etc. 
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Symbols and their meanings 


1. Designation of electrodes 

Anode. a 

Anode of diode. d 

In double or multi-diodes.di, < 

The figure indicates the location of the diode with respect to the 
cathode lead-in. Diode di is thus the one nearest the pinch. If there 
is only one diode anode the figure is omitted. 

Heater (filament)./ 

(irid. g 

In valves with more than one grid: t/i, g^^ and so on. The figure 
indicates the location of the grid with respect to the cathode (gi is 
thus nearest the cathode). If only one grid is provided the figure 
is omitted. 

Indirectly-heated cathode. k 

Metallizing. . . . m 

Internal screen in the valve. ^ 

Fluorescent screen in electroni<‘ indicator./ 

Deflector plat(‘ of cathode-ray tube. D 

To indicate equivalent electrodes, “ticks" are employed, e.g. . . . a^a\n 

In secondary-emission valves th(‘ primary cathode is designated as A j 
and the secondary cathode as k\. 

2. Designation of valve system 

In combination valves the ele('trodes of the separate units in the valve 
arc symbolized as follows: 

in a diode. D 

in a triode. . . T 

in a tetrode. Q 

in a ptmtode. P 

in a hexode. . H 

in an octode. O 

in a rectifying valve. H 

3. Designation of currents, voltages, capacitances etc. 

Voltage (V) 

Anode voltage.l a 

Anode voltage in cold condition, or at 0.Fao 

Diode voltage. 

If more than one diode: l\/i, €*tc. 

Heater voltage.F/ 

Voltage between heater and cathode. 

Grid voltage (bias). 

If more than one grid: etc. 

Effective value of grid alternating voltage. ^ g efj 

Grid voltage in cold condition, or at 0. Vgo 

Alternating input signal voltage. Vi or \\ eg 

Alternating output voltage.F© or l"o i'// 

Supply or battery voltage ... .1 • 


































Current (I) 


Anode current . 

Anode current without signal (balanced stages or oscillator valves ). Jao 

Anode current at max. modulation.max 

Diode current. la 

If more than one diode: ld\, 1^2* 

Heater current.// 

Grid current. Ig 

If more than one grid: 

Cathode current (la + Jgi 4 etc.).Zjt 

Power (W) 

Anode dissipation. 

Grid dissipation.Tl ^ 

If more than one grid: Wgi^ et(‘. 

Output power. Wo 

Capacitance (C) 

Anode to all other electrodes. . . . Ca 

Grid to all other electrodes. 

If more than one grid: Cgi, etc. 

Anode to grid 1.i 

Grid 1 to grid . 

Grid 1 to grid 4.^ 

Grid 2 to grid 4. 

Diode anode to d 2 .^’rfirf 2 

(^athode to diode anode d^ . Cdii- 

Grid to cathode. (\fk 

Anode to cathode. (\ik 

Anode to grid 4. 


Resistance (R) 

External resistor in anode circuit. 

Cathode resistor.. 

External resistance between heater and cathode* 

External resistance in grid circuit. 

If more than one grid: Bq^k^ Bg^k, f*tc. 

Internal resistance (anode). 

Gain factor 


Ih 

Bfk 

Bgl 


B, 


Gain factor (control grid in respect of anode). /t 

Gain factor with respect to screen grid./^yH /2 

The voltage gain of a valve in a given circuit is obtained from the 
quotient of the output voltage and the input voltage (Fo/I^j)* 

Mutual conductance 

Mutual conductance. 

Mutual conductance at point of oscillation. 

C 'onversion condu ctance.>S\ 


Efficiency 

Efficiency. 

Sensitivity 

Sensitivity of cathode-ray tubes.. . . . A* 

Wavelength 

Wavelength. 
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“Mini watt” receiving valves 

Series E 


The “E” series of “Miniwatf' valves comprises a range of valves nearly 
all of which are of small dimensions; the heaters consume only a very 
small amount of power. They guarantee the best reception in A.C. receivers, 
A.C./D.C. sets and car radio. 

Low current consumption 

One of the outstanding features of the Miniwatt valve is the extremely 
small current consumption; in all of these valves, with the exception of 
the “four-channel” octode, the consumption is only 1.26 W, which, in an 
indirectly-heated valve of such power, is exceptionally low. 

Improved cathode 

The warming-up period is very much shorter than usual, being about 
10 seconds. The thermal radiation is only slight, and the efficiency very 
high. Modern methods of construction have resulted m a much improved 
cathode insulation. 

Small dimensions 

The extremely low current consumption is an outcome of the reduced 
length of the cathode. Moreover, the short cathode does not tend to buckle 
and the other electrodes can be mounted more closely around it than was 
formerly the case. The physical dimensions of the valve are accordingly 
much smaller than usual. 

Very slight background noise 

The small dimensions have contributed towards robustness of structure 
and high stability. Background noise, attributable formerly to mechanical 
causes, has thus been eliminated. The interference level in Miniwatt E-type 
valves is very low in contrast with other types. 

Reliability 

When the valves in this series are used trouble-free and reliable ])erformance 
of the receiver is assured. 

Short-wave reception 

Miniwatt valves are particularly suitable for short-wave reception. The 
triode-hexode and 4-channel octode are outstanding for their much reduced 
frequency-drift and induction effect. The R.F. pentodes have high input 
and output damping values and only very slight retroaction from anode 
to grid. 

Compact chassis design 

The low wattage of these valves necessitates only a small bulb and the 
spacing of the valves on the chassis, or between them and other components 
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normally susceptible to heat, can therefore be quite small; the reduced 
dimensions of the valves may thus be employed to the best advantage. 


The complete series 

EAB 1 — Triple diode with common cathode serving 
the three diodes 

EB 4 — Double-diode with separate cathodes 

EBC 3 — Double-diode triode having a gain factor of 30 
EBF 2 — Double-diode and I.F. amplifier pentode; 

variable-mu and sliding screen voltage 
EBL 1 — Double-diode output pentode. The pentode 

is of very high mutual conductance 
ECH 3 — Triode-hexode for use as frequency-changer 
in all-wave receivers; variable-mu, low cur¬ 
rent consumption and small dimensions 
EEP 1 (EE 1) - Secondary-emission valve for driving 
balanced output stages without driver trans¬ 
former 

EF 5 — R.F. pentode: variable-mu and excellent 

characteristics from the point of view of 
freedom from cross-modulation 
EF 6 -- R.F. and A.F. amplifier pentode; fixed mu¬ 

tual conductance 

EF 8 — Noise-free R.F. variable-mu amplifier valve 

EF 9 — Variable-mu R.F. pentode with sliding screen 

voltage 

EFM 1 Variable-mu A.F. amplifier pentode with 
sliding screen voltage; combined with elec¬ 
tronic indicator 

EH 2 — Heptode for use as modulator valve in short¬ 

wave receivers or as R.F. and I.F. amplifier 
EK 2 — Low-consumption octode for mixing stages 

in receivers in which no control is applied 
to the frequency-changer in the short-wave 
range; also for car radio 

EK 3 — Four-channel octode for use in receiver 

mixing stages when high-grade performance 
is also required in the short-wave range 
EL 2 — Normal slope output pentode with low cur¬ 

rent consumption, especially for car radio 
EL 3 — 9 W output pentode; high mutual conduc¬ 

tance 

EL 5 — 18 W output pentode; high mutual conduc¬ 

tance 

EL 6 — Very steep slope 18 W pentode, to deliver 

maximum output at the same signal input 
as the EL 3 


1.26 W cathode 
1.26 W cathode 
1.26 W cathode 

1.26 W cathode 

8.5 W cathode 

1.26 W cathode 

3.8 W cathode 

1.26 W cathode 

1.26 W cathode 
1.26 W cathode 

1.26 W cathode 

1.26 W cathode 
1.26 \V cathode 

1.26 W cathode 

3.8 W cathode 
1.26 W cathode 
5.7 W cathode 

8.5 W cathode 

7.5 W cathode 
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ELL 1 — Double output pentode for balanced output 
stages in car radio 

EM 1 — High-vacuum electronic indicator with built- 

in amplifier triode 

C/EM 2 — High-vacuum electronic indicator combined 
with amplifier triode which can also be used 
for other purposes 

EM 4 — High-vacuum electronic indicator with two 

triode amplifiers, providing two different 
sensitivity values for accurate tuning on 
strong and weak signals 

EZ 2 — Small indirectly-heated full-wave rectifying 

valve for car radio 

EZ 4 — Indirectly-heated full-wave rectifying valve 

for high-power receivers 


2.8 W cathode 
1.26 W cathode 

1.26 W cathode 

1.26 W cathode 
2.5 W cathode 
5.7 W cathode 


This series further includes the following directly-heated rectifying valves 
with 4 V heater voltage and fitted with side contacts (P-type base); 


AZ 1 — Directly-heated full-wave rectifying valve for 

receivers of medium power 

AZ 4 — Directly-heated full-wave rectifying valve for 

receivers with high current consumption 


The 1.26 W-cathode valves take a current of 200 mA at a heater voltage 
of 6.3 V and they can also be used in A.C./D.C. receivers. These valves are 
equally serviceable in conjunction with the triode-hexode ECH 3, or with 
the 4-channel octode for A.C./D.C. operation, or again, with the CK 3 
and different A.C./D.C. output and rectifying valves. 


For A.C./D.C. receivers the following valves are available: 
EAB 1 — Triple diode 

EB 4 - - Double diode with separate cathodes 

EBC 3 — Double-diode triode 

EBF 2 — Double-diode and I.F. pentode 

ECH 3 - - Triode-hexode 

EF 6 K.F. or A.F. pentode 

EF 8 — Noise-free R.F. amplifier (200 V mains only) 

EF 9 — Variable-mu R.F. or I.F. pentode 

EFM 1 — L.F. amplifier pentode and electronic indicator 
(200 V mains only) 

EH 2 - Mixer heptode and R.F. or I.F. amplifier 

EK 2 — Mixer octode 

EM 1 — Electronic indicator 

C/EM 2 — Electronic indicator 
16 


6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 

6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 
6.3 V heater 



EM 4 — Electronic indicator 

CBL 1 — Double-diode output pentode 

CK 3 — Four-channel octode 

CL 4 — 9 W output pentode (200 V mains only) 

CL 6 — 9 W output pentode (100 and 200 V) 

CY 1 — Half-wave rectifying valve 80 mA 

CY 2 — Half-wave rectifying valve and voltage- 

doubler 


6.3 V heater 
44 V heater 

19 V heater 
33 V heater 
35 V heater 

20 V heater 

30 V heater 


The following valves are recommended for car radio (6.3 V); 
EBC 3, EF 9, EK 2, EL 2, ELL 1, EM 4 and EZ 2. 
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New types of construction, resulting in fresh characteristics 

For the latest developments in receiver design the E-type valves have 
numerous improvements and new characteristics to offer. 

In some of the valves the electron-bunching principle has been adopted 
to meet the problem of the demand for a low-noise R.F. valve and variable- 
mu frequency-changer for short-wave reception. The octode EK 3 for 
A.C. and the CK 3 for A.C./D.C. sets work on the 4-channel electron stream 
principle and the sharp separation of the streams or channels for oscillation 
and modulation purposes has eliminated mutual interference of these 
functions with all its drawbacks. 

Another solution to the problem of frequency changing is provided by the 
ECH 3, a triode-hexode with combined oscillator triode. This valve has 
excellent characteristics for radio receivers which are required to give 
really good reception on all wave-bands; it permits of control of the mutual 
conductance, even on the short-wave range, without the disadvfintage of 
any frequency drift. 

A further innovation is the self-adjusting or sliding screen voltage in the 
R.F. and A.F. pentodes. Until recently pentodes worked on a fixed screen 
voltage, in other words, on a fixed characteristic; any increase in the grid 
bias, for the purpose of reducing the gain, resulted in a shifting of the work¬ 
ing point along the la/Vgi curve, but with the sliding screen voltage every 
value of grid bias introduces a different characteristic, thus providing 
interesting new properties. 

Amongst others, the R.F. pentode EF 9 and the I.F. pentode combined 
with two diodes, the EBF 2, are designed on this principle. 

A very special type of valve is to be found in the secondary-emission 
valve EEP 1, which functions on the electron-bunching principle; the intro¬ 
duction of secondary emission provides in the anode and secondary-emission 
circuits two alternating voltages of exactly opposite phase, and this valve 
will drive a balanced-output circuit without the use of the usual driver 
transformer. 

Among electronic indicators the EM 4 with its dual sensitivity is worthy 
of special mention. By means of this indicator it is possible to tunc the 
receiver with just the same degree of accuracy on weak as on strong signals. 
The EFM 1 is another interesting development, being a combination of 
A.F. amplifier pentode and electronic indicator. The pentode section of 
this valve is of the variable-mu type and also incorporates the sliding 
screen voltage; the voltage variations produced in the screen grid resistor 
by changes in the grid bias are employed to operate the built-in electronic 
indicator. 

In conjunction with the double diode and I.F. pentode EBF 2, described 
in these pages, the EFM 1 provides us with an excellent 4-valve superhet. 
receiver embodying all the latest features including the electronic indicator, 
negative feed-back, etc. 

The double diode EB 4 with its separated cathodes presents countless 
opportunities in the design of special circuits. The triple diode EAB 1 was 
specially designed for use in 3-diode circuits and its introduction has resulted 
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in a considerable reduction of distortion in the diode stage of high-quality 
receivers. 

The EBL 1, a double-diode pentode with high mutual conductance permits 
of the design of very simple superhet. receivers employing only three valves. 
With a view to high-fidelity reproduction of music much attention has 
been paid to the question of output valves, and various steep-slope types 
are now available. The output valve EL 6, an 18 W pentode of unusually 
high mutual conductance, requires roughly the same signal input for full 
modulation as the 9 W pentode EL 3. 

For car radio an output valve has been developed that consists of two 
complete output-valve units in a common envelope; in a balanced circuit 
the ELL 1, as it is designated, will deliver a maximum output of 4.5 W 
with a very small current consumption. 

A new valve for A.C./D.C. receivers is the EL 6, a steep-slope output pentode 
for interchangeable mains operation, and a similar valve is to be designed 
for a screen voltage of 100 V, to provide adequate output power on 110/127 V 
mains. This latter valve will replace the earlier model, the (^L 2. 



EAB 1 Triple diode 


t VmM F < 


The triple diode EAB 1 /wa>r3? 

consists of three diodes 
^ ~ —f arranged about a common, 

I i I _ |“r ! [~ T||p ~~M ‘ horizontally mounted, ca- H 

^ I r I ! j I i IT M _i] thode, having been especi- g 

fj ally developed for 3-diode ^ 

ZXI^EtH - yy [ r!: —[~f T T ? circuits. The object of this | 

—^ - pE—ZnT; type of circuit is to elinii- *■ " ^ 

X) — _ i _t - 1 "^ distortion and other 

zrz:i|zf^E; ..j zt jii p \\ |-^ ^unpleasant effects arising i)inu*n 8 ioii 8 in mm. 

-rffttf *~ifr from the use of delayed 

” I "iTi" jl' I~[ I if' ‘ ^! j " I automatic gain control and ^2 

- . T’ , 7 .T it involves an arrangement T 

:T .1 ‘ 1 - K emplo 3 dng three diodes, one 

i ri" jj 11 of which serves as detector ■*•••^(<0 

1 ^ i'l li' ' "j/T' i 11 lH and one for the A.G.C., 

^ ^ ,Xr^-T I? whilst the third is used for 
z:“4iji/_L^.y' Ji:,r . the delaying effect. With • ' | 

~' "!!••* T// /i '■ I 1 l]W‘ a view to suppressing hum, 

f -^ ~ / /' ‘--—-detector diode, which 

/‘ E* i- shown as r/j in the dia- ^ ^ 

—prFt7"/]“;|—i— ^ K^am of base connections, 

'^fji f ' * I i'*’' mounted farthest 

vL J- L heater. The diode ^ ^ ^ 

Pig 3 * ' nearest to the filament and 

Direct \olta}ie T and direct voltage curve D marked d.^ in the diagram 
bet\^cen the terminals of the grid leak (onnected i.„„ « 1^ 26 

to one of the diod<N of the EAHl, as a function ^OVr capacitance /rao^ 

of the unmodulated K.K, voltage with respect to the detector 

L F. voltage Vlf between the terminals of the j* +lio« Fitr 2 

grid leak as a function of the K.F. voltage diode, this being kss than 

modulated to a depth of :t0 (w -- 30 %). 0.08 fifiF. Since the A.G.(\ trodesand base <*on- 

Thee <haraHori,M<sj,-ply^n^ leak, of 

usually connected to the 

primary circuit of the preceding band-filter, the amount of capacitance* between this 
diode and the detector diode is extremely important. As the reader is doubtless aware, 
this capacitance acts as a coupling between the two band-filter circuits and tends to 
have an adverse effect on the selectivity. It is for this reason that diode r/j is employed 
for the A.G.C. Diode located between di and (/.„ is then available for other purposes, in 
particular to provide the delaying effect for the A.G.G. as employed in this type of circuit. 

Heater ratings 

Heating: indirect. A.(’. or D.C., series or parallel supply. 

Heater voltage. Vj 6..3 V 

Heater current.— 0.200 A 


Fig 2 

\rmng('mt*nt of (‘lec- 


Gapacitances 

Diodes di — dj 
Diodes di — dj 
Diodes dg — dj 
Diode di — cal 
Diode da — cal 


dg. . . 

dg. . . 

cathode 

cathode 


Diode da — cathode 


6..3 V 
- 0.200 A 

0.65 ////F 

0.08 jtfjwF 

0.4 fi/tiF 
1.5 /jjijF 
1.35 ////F 
2.2 ///^F 
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EAB 


Maximum ratings 


Voltage on di (peak value) 



Vdi 

=- max. 

200 V 

Voltage on rfg (peak value) 



Vd, 

— max. 

200 V 

Voltage on (peak value) 



Va, 

“ max. 

200 V 

Direct current to cZj 



Idr 

max 

0.8 mA 

Direct current to d^ 



Idt 

max 

0 8 mA 

Direct current to 



Id, 

— max. 

0 8 mA 

External resistance between 

filament 

and cathode 


— max 

20,000 ohms 

Potential difference between 

filament 

and cathode 



(D.C. voltage or effective 

value of alternating 




voltage) 




max 

100 V 

Voltage on diode at diod» (ur \\\^^ _ 
rent start ‘ ; 

■10 3 /iA) Vdi 1 
- + 0 3 piA) Kd, 

1 0 3/M) FdJ 

max 

— I 3 V 
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EB 4 


EB 4 DouLIe diode with separate cathodes 


The double diode EB 4 embodies two separate and adjacent cathodes 
with an anode around each, the two complete units being screened 
from each other. The screen is connected to a separate contact and 
can thus be very simply maintained at zero potential; it effectively 
prevents any stray electrons from passing from one unit to the other. 
This separation of the cathodes offers numerous advantages and 
greatly extends the range of application of this type of valve. A 
considerable reduction in the capacitance normally occurring between 
the anodes prevents any unwanted capacitance between the relative 
circuits. The two diode units are exactly similar and it is immaterial 
which of the two is employed for detection purposes. 

Heater ratings 

Heating: indirect, by A.C. or 1).(\; series or parallel supply. 

Heater voltage.Ty- — 6.3 V 

Heater current. . Ij ~ 0.200 A 

Capacitances 


jzm’ 

S“ 


I’iR. 1 

DiincimionB in ini.i 



k1 f S J k2 

SOCtJt 


^did2 flfjF 

Crlik - 1-2 

Cdik - 1-2 





cf2 
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Fig. 2 

Arrangcinout of 
eliTtrodes and 
hast* connpptif»ns. 


Fig. 3 

Direct voltage V and direct voltage curve (J V) between 
the terminals of the grid leak connected to one of 
the diodes of the EB 4, as a function of the un¬ 
modulated R.F. voltage. 

A.F. voltage Vlf between the terminals of the grid 
leak as a function of the R.F. voltage modulated to 
a depth of 30% (m— 30%) These characteristics apply 
to grid leaks of from 0.1. to 1 megohm. 












£B 4 


MAXIMUM RATINGS 


Voltage on diode (peak value). 

Voltage on diode (peak value). 

Direct current to diode d^ . 

Direct current to diode d^ . 

External resistance between cathode ki and filament 
Potential difference between cathode ki and filament 
(direct current, or effective value of alternating 

voltage). 

Potential difference between cathode k^ and filament 
(D.C. voltage or effective value of A.C. voltage) 
Potential difference between the two cathodes (D.C. 
voltage, or peak value of alternating voltage, or 
D.CJ. voltage -f peak value of alternating voltage) 
\^oltage on diode at diode cur- (Idi ~ + 0.3 fiA) 
rent start. (/</2 ~ + 0.3 //A) 


Vdi — max. 2(X) V. 

Fda - max. 200 V. 

Id^ max. 0.8 mA. 

Id 2 = max. 0.8 mA. 

Rfjci = max. 0.02 Mohm. 


Vjjei max. 75 V. 
Vfkt — max. 75 V. 


ViciH=^ max. 150 V. 
Vdi — max. —1.3 V. 
Vdi = max. —1.3 V. 









EBG 3 


EBC 5 DoaLIe-cIiocIe trioJe 

The double-diode triode EBC 3 comprises a triode in combination 
with a double-diode unit, in a common envelope. These two systems 
are served by a single cathode. 

The diode section may be employed for detection and delayed 
automatic gain control and the triode for A.F. amplification or for 
other purposes. The A.F. amplification, which may effected by 
means of resistance coupling, is about 20 times and this is ample 
for most purposes. Both the diodes have their ow n separate external 
connections and the grid connection of the triode is at the top of 
the valve. 

HEATER RATINGS 

Heating: indirect, by A.C. or D.(\; series or parallel supply. 

Heater voltage. . . . Vj 6.3 V 

Heater current.// 0.200 A 
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kik a 

in niin. 


d 



K J } 


CAPACITANCES , 


^ 'kill 

1.9 

fi/iF 

^ wt 

1.3 

fifih' 


P ^ 


<\d. 

2.5 

H/aV 

<'ak 

3 

f,f,V 

or^i 



^'didi 

0.5 

miV 


2.9 

UliV 


d1 



: 0.005 

/(//F 

^ \di t d2)(f 

fi/iF 




0.005 

/</<F 

^'(di-^d2)a 

1 

,,,iV 


IJfL. 



^ 0.002 

,ifiV 





Fjc 2 








Arrangement 

oi 







eJectro(l(“» 

ami 







hast 

c“onn«M t 

ions 


OPERATING DATA 


Triode section: 

Anode voltage. V„ 100 V 200 V 275 \ 

Grid bias. • ^ v —^1 ^ —4.3 V 6.25 V 

Anode current. la 2 mA 4 mA 5 in A 

Amplification factor. fi .30 30 30 

Mutual conductance . . . . S 1.6 iiiA/V 2.0 mA/V 2.0 in.A \’ 

Internal resistance . . . . 19,000 ohms 15,0(K) ohms 15,000 ohms 


MAXIMUM RATINGS 

Triode section: 

Vao max. 550 V 

Va ~ max. 300 V 

Wa max. 1.5 W 

Ijc — max. 10 mA 

Vg (Ig -= + 0.3/^A) — max. —1.3 V Diode section: 

Bgk (automatic) — max. 3 M ohms (peak value) — max. 2 0V 

Rgk (fixed) — max. 1 M ohm Idi (D.C. value) — max. 0.8 mA 

Vfk — max. 75 V ^) Va 2 (peak value) max. 200 V 

Rfk — max. 20,000 ohms 1^2 (value) -- max. 0.8 mA 

*) Direct voltage or eflfective value of alternating \ol*age. 
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EBG 3 





Fig. 3 

Anode current as a function of the grid bias at 
different anode voltages. 



Fig. 4 

Anode current as a fu net ion of the anode voltage at different values 
of grid bias. 






















EBG 3 


The triode can also be employed as oscillator in conjunction with the variable-mu 
frequenoy-changer heptode EH 2. 

To avoid feedback from the triode to the diodes, these two units are screened from 
each other, the screen being connected to the cathode. The metallizing is provided 
with a separate contact in the valve base. 




Circuit upon which the ineaRurcinents jjivcui in 
the table are based. 


The diode shovm as in the diagram of base connections (Fig. 2) should preferably 
be employed for detection. The other diode {d^) can then serve for other purposes such 
as delayed automatic gain control. The curves relating to the rise in direct voltage 
(A F) across the grid leak, as a function of the unmodulated R.F. signal voltage, as 
well as that with respect to the increase in the A.F. voltage ( Vlf) one of the diodes 
with a grid leak of 0.5 M ohm, are the same as for the EB 4 (see Fig. 3, p. 22). 


26 



EBC 3 employed as A.F. amplifier, resistance-coupled to different output valves 


EBU ^ 


Remarks 

For 

receiv¬ 

ers 

with 
heaters 
fed in 
parallel 


For 

receiv¬ 

ers 

with 
heaters 
fed in 
series 

When used with 
the AD 1 as 
output valve 

To = 250 V 

Total 
distortion 
in pre¬ 
amplifier 
dtot 
% 

00 o o ^ 

^ W tN (N (N C<i 

When used with 
the EL 2 as 
output valve 

«q 1 *) 1 o © 1 

.H ... 1 ... ^ 1 94 ec 1 

Alternat¬ 

ing 

output 

voltage 

Vo 

_ Yeff 

CO CC CO « CO w 

JO JO 1 JO JO 1 JO »0 1 

00 CO 1 00* CO > 00 CO* ) 

When used with 
the EL 5 as 
output valve 

Va = 250 V. 

Vgt = 275 V 

Total 
distortion 
in pre¬ 
amplifier 
rftot 

o/ 

_ Ok _ 

vv vv vv 

sed with 

L 4 as 
valve 

poo cqwcq jopp 

Alternat¬ 

ing 

output 

voltage 

1*0 

\eff 

ic JO JC JO JO JO 

GO QC 00 00 OC 00 

When u 
the C 
output 

p p rJH p p P p 

JOriHoi JO«-i5cq JO'^oi 

When used with 
the EL 3 or EL 6 
as output valve 

Va = Vgt = 250 

Total 
distortion 
in pre¬ 
amplifier 
dtot 

o 

O 

vv V V V V 

A 

« OC t 

xr-p pop ppp 

^ (N* '^* (N CC CO '^* 

Alternat¬ 

ing 

output 

voltage 

Vo 

Yeff 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

When u 
the Cl 
output 

22S 222 222 

When used with 
the EL 2 as output 
valve 

Va = Vgt = 250 V 

Total 
distortion 
in the pre¬ 
amplifier 
r/tot 

V V V V V V 

^ o: a. 

S > 

— « 

g 

1.7 

2.1 

3.0 

Alternat¬ 

ing 

output 

voltage 

1*0 

Yeff 

11.2 

11.2 

11.2 

11.2 

11.2 

11.2 

t \ \ s 1 1 S 1 1 

Voltage 

gain 

Vo 

Vi 

<© 50 JO JO (M (N 

<N oq 0-' 


^OX OSXl>- 

<MCq^ 

Cathode 

resistor 

Rk 

ohms 

4,000 

4,000 

2.500 

2,,500 

2,000 

2,000 


12,500 

12,500 

12,500 

8,000 

8,000 

8,000 

6,000 

6,000 

6,000 

Anode 

current 

la 

niA 

0.9 

0.75 

1.5 

1.3 

2.3 

1.8 


JO JO O »0 iO Q 

pp<N JO'^CO XCO'i^ 

666 666 666 

Anode 

coupling 

resistor 

Ra 

megohms 

0.2 

0.2 

0.1 

0.1 

0.05 

0.05 


JO lO 1C 

ppp 

666 666 666 

Supply 

voltage 

Vb 

V 

300 

250 

300 

250 

300 

250 


iii iii sis 

cqp-Hi-H 
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*) also anode voltage of the output valve. 
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EBF !2 Double-diode variaLIe-mu pentode 

This valve combines a pentode with tw'o diodes, built round a /waxJ? 
common cathode. The pentode section has variable characteristics, pi— 
sliding screen voltage having been adopted with a view to the use 
of the valve as an I.F amplifier; the anode current is accordingly 
low and the mutual conductance relatively high, but, since the 
cathode, which also serves the tw'o diodes, is able to dissipate only 
1.26 W, the slope is somewhat less than that of the KF 9. Without ' HH 
control (at — 2 V bias), the mutual conductance of the KBF 2 is _ 

1.8 mA/V, which provides ample I.F. amplification. d 

The diode section is separated from the pentode by a very effective Pip ^ 
system of screening, to prevent any unwanted interaction between Diinc*nhion«« in inni 
the two units. This combination of double diodes with an I.F. 
amplifier is very useful in all eases where an A.F. valve without f 

diode is used, for example the EF 6, with or without feed-back. 

The EBF 2 is particularly suitable for use* in conjunction with the 
A.F. amplifier and electronic indicator EFAl 1. 

The latter arrangement permits of the design of a very simple 
receiver in which two valves do the work of I.F. amplifier and | 
detector, at the same time producing the control volt^ige for auto- ' * 
matic gain control, with A.F. amplification and electronic* tuning 
indication. 

Since both diodes are supplied by the same cathode as the 
pentode and, because the diode for the A.(k(‘. is delated by the f 

cathode* potential of this valve, the delay voltage is limited, with- 
out the use of any special circuits, to the value of grid bias 

required by the pentode* ^ 

L .- T—j- 1 —p- 1 —uncontrolled con- 

I i J- f ; dition. By using special 

-pii-rr| ,—-4 —I < —► circuits it is nnssilik' to L ^ 


?^if==Er^ 

(//4 - 




Elt 

3f 

— 





u 


4 

— 


UJ 

: 












- 



L 



dition. By using special 
circuits it is possible to 
obtain a highe r dela^ 
voltage feir the* A.fJ.C., 
but this me*n*ly te*nds to 
render the latter less 
e*fTective. 


di g2 

11 ^' '1 

ArianvCdiuiit ot 
< liM trodi s and 
l>as( (oiiiK * 


-70 -60 


FiK. 

lalVgx characteristic of the EBF 2, with Vg^ as 
parameter. The broken line shows the anode current 
of the controlled valve with a screen senes resistor 
of 93000 ohms and a supply voltage ot 250 V. 
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EBP 2 



SlVgy cliaractcristic of the EBF 2, with Fy, 
as parameter. The broken line gives the slope 
of the controlled valve with a screen senes 
resistor of 05,000 ohms and a supply voltage 
of 250 V. 


£7785 



Fig. 5 

Anode current as a function of the anode voltage at different valiu's of 
grid bias and with a flxed screen potential of 100 
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EBF 2 


HEATER RATINGS 

Heating: indirect, on A.C. or D.C.; series or parallel supply. 

Heater voltage.F/ — 6.3 V 

Heater current.// — 0.200 A 

CAPACITANCES 

^o,g\ 0.002 ^ 0.001 ^dia ^ 0.25 

Cg^ -= 4.4 fjifiY Cdik ^ 3 C\di+d2)a < 0.4 jUfiY 

Ca — 8.6 fi/LiF Cd2k 3 //^F < 0.01 jufiF 

^'digi < 0.0005 fi/LiF Cdid2 < 0.3 

^d2gi 0.0005 fifi¥ ^dia 0.3 /^/^F 

OPERATING DATA: pentode section employed as I.F. amplifier 
250 V 

Anode voltage. Va — 250 V 

Screen-grid series resistor (at 251) V). ligz 95,000 ohms 

Cathode (bias) resistor./?* - 300 ohms 

Grid bias.F^i - —2 V M —38 V 2) 

Screen voltage. Vg 2 - 100 V 250 V 

Anode current./« - 5 mA — 

Screen current. Iq^ - 1.6 mA — 

Mutual conductance. S — 1800 //A/V 18 /^A/V 

Internal resistance. Hi 1.3 M ohms > 10 M ohms 

200 V 

Anode voltage. Vq — 200 V 

Screen-grid series resistor (at 200 V). Hg^ 60,000 ohms 

Cathode resistor. Rk 300 ohms 

Grid bias. Vg^ - —2 V --32.5 V 2) 

Screen voltage. Vg^ — 100 V 200 V 

Anode current./« - 5 mA — 

Screen current. Ig^ - 1.6 mA — 

Mutual conductance. R - 1800 ^A/V 18 fikjW 

Internal resistance. Ri - 1 M ohm > 10 M ohms 

100 V 

Anode voltage.F® - 100 V 

Screen-grid voltage. Vqi - 100 V 

Cathode resistor. Rk — 300 ohms 

Grid bias.Fj^i —2 V —16.5 \ ^) 

Anode current./« - 5 mA — 

Screen current.7^2 ~ 1-9 niA — 

Mutual conductance. 8 1800 yuA/V 18 yuA/V 

Internal resistance. Ri ^ 0.4 M ohm > 10 M ohms 

*) valve not controlled. 

•) Mutual conductance controlled to 1 : 100 and to limit of control. 
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EBF 2 


MAXIMUM RATINGS 


a) Pentode section 


Anode voltage in cold condition. 

Anode voltage. 

Anode dissipation. 

Screen-grid voltage in cold condition. 

Screen voltage at /« = 5 mA. 

Screen voltage at 7® < 2 mA. 

Screen-grid dissipation. 

Cathode current. 

Grid voltage at grid current start {Igi -f 0.3 fiA) 

Resistance between grid and cathode. 

Resistance between filament and cathode . . 
Voltage between filament and cathode (direct voltage 
or effective value of alternating voltage) .... 


Vao 

= 

max. 

550 V 

Va 


max. 

300 V 

Wa 

=: 

max. 

1.5 W 

VfiO 

= 

max. 

650 V 



max. 

125 V 


- 

max. 

300 V 

Wg, 

- 

max. 

0.3 W 

h 

— 

10 mA 

Voi 


max. 

—1.3 V 

Rg\k 

— 

max. 

3 Mohms 

Rjk 

— 

max. 

20,000 ohms 

y/i 


max. 

100 V 


b) Diode section 

Voltage on diode di (peak value).TVi 

Voltage on diode d^ (peak value). Vdz 

Direct current to diode d^ ./^i 

Direct current to diode d^ . Idi 


Voltage on diode at diode current start [lui t 0.3/iA) IVi 
Voltage on diode at diode current start (Idz + 0.3/iA) Vdi 


max. 200 V 
max. 200 V 
max. 0.8 mA 
max. 0.8 mA 
max. —1.3 V 
max. —1.3 V 


APPLICATIONS 

The^,EBF 2 is used mainly 
in I.F. stages with the two 
diodes serving as detector 
and for automatic gain 
control. The data and 
characteristics apply both 
to A.C. receivers operating 
on mains of about 260 V 
and A.r./D.C. sets on 
mains of approximately 
200 or 100 volts. At mains 
voltages other than 250 or 
200 V, the required scre?n 
potential can be calculat¬ 
ed from the screen curnmt 
of 1.6 mA and the poten¬ 
tial difference between the 
supply voltage and the 
screen voltage of 100 V. 



fir. 6 

Serpen current as a function of the screen voltage at different values 
of grid bias. The curves apply roughly to ail anode voltages between 
100 and 260 V. The diagram also includes the limit line for the 
maximum continuous load on the screen and the resistance line with 
respect to a series resistor Rg^ ~ 05,000 ohms at 250 V supply voltage. 
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EBF 2 




The characteristics in Figs 3, 4, 7 and 8 
relating to and 8 will then be no longer 
fully applicable; at 100 V supply vol¬ 
tage the sliding-screen-potential prin¬ 
ciple is not valid and the screen must 
be maintained at 100 V. The modu¬ 
lation distortion curve is then certainly 
less satisfactory, but the valve is none 
the less quite eftective as a normal A.F. 
amplifier, following a diode detector. 

If a potential divider is used instead of 
a series resistor, careful adjustment 
of the resistance values will produce a 
more or less steep mutual conductance 
curve; the modulation distortion curve 
is then somewhat modified. 

The bias resistor should be decoupled 
uith an electrolytic capacitor of about 
25 //F; if this is not done, the rectification, 
due to the curvature of the charac¬ 



Fig 8 

Upper diagram Effectue alternating grid 
\oltage as a function of the mutual conductance 
^vlth 1 % cross modulation, with a screen series 
resistor of 60,000 ohms and a supply voltage 
of 200 V. 

C*>ntre diagram Effective alternating grid 

voltage as a function of the mutual conductance 
with 1 % modulation hum. 

Lower diagram Mutual conductance S and 
anode current la as a function of the grid bias 
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Fig 7 

Upperdiagram LlfKtiM ulti rnatinggnd voltagt 
ns a function ot the imitunl tonductance, ivith 
1 % c ross modulation, a screen-grid scries resistoi 
of % 000 ohms and a supply voltage of 250 V 
CetUri diagram Effective alternating grid 
v'oltage as a funrt Ion of tin mutual conduetanc* 
v\ith 1 % modulation hum 
Louir diagram Mutual (ondmtante S and 
anodi current la as a function of the grid h'as 

teristic, produces an A.F. voltage whidi, 
when the volume control is turned down, 
w'ould be apphed to the grid of the A.F. 
amplifier valve. This involves a residual 
signal and makes it impossible to render 
the receiver mute. 

Diode is preferably used for detection 
and diode as rectifier for the A.G.(\ 
In the circuit diagram of Fig. 10 the 
A.G.C\ diode receives its delay voltage 
from the cathode potential of the EBF 2. 
To ensure optimum amplification in the 
uncontrolled condition this voltage should 
alwajs be kept as low as possible 
(according to the data it is about 2 
whereby the A.F. amplification should be 
such that the strength of the signal on 
the A.G.C. diode is below the threshold 
of the delay, with a fully driven 
output valve. 

At the same time, a low^r A.F. gain may 












































































EBF 2 


be desired, or it may be impossible to 
obtain the high amplification referred to 
above, so that special steps have to be 
taken to provide a higher delay voltage 
for the A.G.C. if the latter is not to be 
operative on signals which are insufficient 
to drive the output valve fully. For 
the characteristics of the diode section, 
reference should be made to the relative 
curves for the EAB 1 and EB 4, which 
apply also to these valves. 


V![mVaff) 



Ido 1000 sxxjo 

h(ljA) SfiiA/V) 


FiK 0 

Upper duigram Effective alternatiDR irrid 
voltage as a function of the mutual conductance 
with 1 % cross modulation, at Va = 100 V, 
Fg, — 100 V (fixed screen potential). 
Centre diagram. Effective alternating grid 
voltage as a function of the mutual conductance 
with 1 % modulation hum. 

Lower diagram Mutual conductance 5 and 
anode current la as a function of the grid bias. 



Fig. 10 

Circuit diagram showing the EBF 2 employed as IF. amplifier. Diode d, is 
used for detection and diode di as rectifier for the A.G.C. 
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£BL 1 


EBLl DouLIe-diode output pentodf 


The EBL 1 is a combination of double-diode and steep-slope, 9 W 
output pentode, in one envelope and sharing a common cathode. 
The characteristics of the pentode unit place this valve among the 
high-mutual-conductance pentodes and it may be used in the con¬ 
struction of very low-priced receivers, for instance of the super¬ 
heterodyne type, having a limited number of valves and which, 
without a stage of A.F. amplification, will nevertheless give a reason¬ 
ably high output. 

The two diodes arc mounted below the pentode section opposite to 
the cathode, in such a w'ay that the two anodes, which are not com¬ 
pletely semi-cylindrical, are located at the same height on the mount; 
the diodes are therefore electrically identical. A screen separates 
the diode section from the pentode unit and, to prevent the grid of 
the latter from being affected in any way by the diodes, the grid 
connection is brought out at the top of the envelope. 


HEATER RATINGS 


max 46 



s 


34021 

fik 1 

DlmcnBionB in nun. 



k f f 


Heating; indirect, A.C. or D.C\, parallel supply. 

Heater voltage.1/ 6.3 V 

Heater current.//— 1.18A 


CAPACITANCES 


^ ag\ 

< 0.8 iifiV 

^ 'dig\ 

< 0.08 nfiV 

^dia 

< 0.2 fifiY 

^"d\k 

3.5 fiiiV 

^ 'dia 

< 0.2 


3.5 nfi¥ 


< 0.08 nfiF 

^ du/2 

< (».25 /i/«F 


OPERATING DATA 


34023 


f f 



34022 


Fifj 2 

Arrannompnf ot 
electrodps and 
base ronnections 


Anode voltage. 

Screen-grid voltage. 

Cathode resistor. 

Grid bias. 

Anode current. 

Screen current. 

Mutual conductance at the working point 

Internal resistance. 

Load resistor. 

Output with 10 % distortion. 

Alternating grid voltage for Wq 4.5 W 
Sensitivity {Wq — 50 mW). 

Oil 


v„ 

250 V 


250 V 

fit 

150 ohms 

'■</. 

- —6 V 

la 

36 mA 


4 mA 

s 

9 mA/V 

Hi 

50,000 ohms 

Ha 

7,000 ohms 

Wo 

- 4.5 W 

V, 

- 4.2 

V, 

- 0.36 Weff 
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MAXIMUM RATINGS 

Pentode section: 


Vao 

= max. 660 V 

Wg^ (Vi = 

0) — max. 

1.2 W 

v„ 

= max. 260 V 

WgAWo = 

max.) = max. 

2.6 W 

Wa 

= max. 9 W 

^gi {Igi — 

+ 0.3 fiA) - max. 

—1.3 V 

h 

max. 66 mA 

^gik 

— max. 

1 M ohm 

V gw 

= max. 650 V 

Jifk 

-= max. 

6,000 ohms 


- max. 260 V 

Vfk 

- max. 

50 V») 


Diode section: 

Voltage on diode (peak value) Va == Va -=- max. 200 V 
Diode current ^ 1^ max. 0.8 mA 

(direct* current through the grid leak) 

Voltage on diode at diode current start (la — + 0,3 fik) Va - max. —1.3 V 
Voltage on diode at diode current start (la,' = -f 0.3 fiA) Va' ~ max. —1.3 V 

») Direct vultage or effective value of alternating voltage. 


The curves relating to the increase in the direct voltage (A V) across the grid leak. 


as a function of the unmodulated R.F. 
voltage, as well as for the A.F. voltage 
(Vlf) across the grid leak as plotted 
against the 30 % modulated R.F. voltage 
on one of the diodes (0.6 M ohm grid 
leak) are the same as for the EB 4. 
Grid bias must be obtained by means 
of a cathode resistor only; semi-auto¬ 
matic bias may be employed provided 
that the cathode current is more than 
60 of the total current passing through 
the biasing resistor. l.ieads to the valve 
connections should be as short as possible 
and it is essential to include a resistor 
of about 1000 ohms in the control-grid 
lead. 

A stage of audio-frequency amplification 
between one of the diodes as detector 
and the output valve may possibly give 
rise to hum and oscillation, for which 
reason the gain between that diode and 
the pentode should not exceed a factor 
of 15; this may be obtained by using the 
EBC 3 as pre-amplifier \>vith slight negative 
feed-back. 

The characteristics of the EL 3 relating 
to output power, having regard to the 



Anode current and screen-grid current as a function 
of the grid bias at Va — Fg, — 250 V. 


voltage drop across the output transformer, apply also to the EBL 1. 
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1*Ik 4 

Anodi turnnt as a function ol thf anode \olta^f at V ffg J'iO \ and 
at different values of grid bias 
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ECH 5 Triode kexode 

The ECH 3 is a variable-mu frequency-changer, constructed on 
the principle of the triode-hexode and thus consisting of a hexode 
— the frequency-changer proper — and a triode to function as 
oscillator. Both units are mounted round a common cathode, of 
which the heater power is 1.26 W. The heater current at 6.3 V 
is 200 mA, which makes the valve suitable for A.C. receivers 
with their heaters in parallel, as well as for A.C./D.C. sets with 
the heat('rs in series, in a 200 inA circuit. The first grid of the 
hexode is wound with varying pitch; this grid carries the R.F. 
signal and the c‘ontrol voltage for the automatic gain control. 
Grids 2 and 4 are screen grids, whilst grid 3 is connected directly 
to the control grid of the triode section and thenTore carries 
the alternating oscillator voltage. 

Although the heater current of this valve is only small, very 9^' 
high conversion amplification is possible; on 250 V anode and 9^ 
100 V screen, it is 650 juAIV, without control, the internal resist¬ 
ance being 1.3 M ohms. 

The EC’H .3 is eminently suitable for short-w^ave rt‘ception with 
controlled mutual conductance, without too much frequency 
drift: the drift is very alight when occasioned by mains voltage 
fluctuations. If the tuned oscillator circuit is connected to the 
anode, with the feedback coil in the grid circuit, the frequency 
drift arising from mains fluctuations of 10 will be less than 
1 kc/s at 15 m: at this wavelength, with a tuning capacitance of 
50 ju/iF in the oscillator circuit and full control applied to the 
grid, the drift is less than 2 kc/s. The relatively low input and 
output capacitan(‘es of tliis valve are also favourable features 
from the aspect of short-wave work. 

Due to the hexode principle employed in this valve, there is no 
electronic coupling between the oscillator grid (grid 3) and the 

R.F. grid (grid 
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FiK 1 

Dimensions in mm. 


3h 3t 



gr.g3 


gT.g3 gZg4 

L—3 Q- J 

JTfSOO 

Fig. 2 

Arrangement of 
electrodes and 
base connections. 


1). Grid 3, 

however, has a certain capacitance 
with respect to grid 1, so that on 
wry short waves (13 m) an alternat¬ 
ing voltage of about 0.5 V exists 
at the grid, although this has very 
little effect on the conversion con¬ 
ductance. Because of the high 
mutual conductance of the hexode 
unit and the rapid decrease in the 
slope in respect of the first grid 
when the negative voltage on grid 
3 (see Fig. 21) is increased, it is pos¬ 
sible to obtain very high conver¬ 
sion conductance in the uncon¬ 
trolled condition; moreover, the 
alternating oscillator voltage need 
be only very small. The effective 
Cross-section of the system t)f electrodes in the hexode unit, alternating oscillator voltage for 
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good rt suits is only 8 V, which can be developed in the 
triode section of the valve without any difficulty by 
means of standard coils. 

However, at low'er oscillator voltages the conversion con¬ 
ductance is still quite high, b(‘ing about 580 /yA/\' at 
5 V (see Fig. 9), so that satisfactory conversion ampli¬ 
fication is also possible on short waves. At very much 
higher oscillator voltages than 8 V the convtTsion conduc¬ 
tance deviates only slightly from the optimum value; th(* 
conductance, and also the amplification, therefon\ var\ 
only to a small degree as a result of wide fiuctuations in 
the oscillator voltage within the wave-range. The value 
of 8 V (200 jLiA passing through the grid leak of 50,000 
ohms) gives a satisfactory compromise' between background 
noise, whistles and the desired conversion conductance*. 
With a view' to the control and prevention of cross- 
modulation. the ECH 3 is designe*d for potential-divider 
liji 4 feeding of the screen grid. Although from the aspect of 

Vertirai cr(ws-«(‘('ti()n through < eonomv a screen series resistor would take less cur- 

tlie SI stern ot elect nxir s ot the 

hexode (see A-H, hiK‘0 rent, this involves one great disadvantage m that 

the potential of the screen in that case increases to 
such an (*xtcnt with rises in the control voltage that it approaeht's that of the 
anode. At higher screen-grid voltage's, however, secondary electrons emitted bv 
the anode are attracted by the screen grid, with the result that th(* internal resistanei* 





FiK 5 FIK. 6 

Anode current of the hexode unit as a function Anode current of the hexode unit as a function 

of the grid bias, at different screen potentials of tiie grid frlas, at different screen potentials, 

with an anode voltage of 200 to 250 V. with an anode voltage of 100 V. 
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IS greatly reduced Consequently, ^ hen the control is m operation the selectivity of 
the band pass filter in the anode cucuit also suffers A correct choice of resistances 
lot the potential divider network will place a hmit on the increase in screen voltage 
and thus avoid any alteration in the internal resistance of the valve, the conirol 
on the amplification can also be made to operate more slowly or rapidly by a judicious 
arrangement of the values of the resistances m this network 
Adjustment of the conversion conductance may be fairly rapid, and the characteristics 
A^ith regard to cross modulation are \cr\ gexjd throughout the whole range of control 
(see Figs 15 to 20) 


HEATER RATINGS 

Heating mdirtct 4( or J) ( , scries or parallel supply 

Heater voltage ]j 63 V 

Heater current ij 0 200 A 


CAPACITANCES 

i) Hexodc section 

<1/1 ^ 
i a ^0 mi? 

( oqv <1 003 /i//F 

( ;,/ 0 001 ////F 


b) triode section 

ig S 8 /i/lF 

< a 4 4 ///iF 

iai 1 4///<F 


c) between hexode 
and triode 
^fjTgxH <^0 3 


^ uAV Sf gAI\/l 



Hk 7 

((m\prsl(»n (onduftaine Sc as u function of the 
iirld bias If/, at different screen prid \oltaKts 
and for an anode AoltaKc of 200-250 \ 


FM « 

( on version conductance iSr as a function of the 
Urid bias I j/, at ditfcreiit s<rt<n voltaices and 
for an anode \oltajre of 100 ^ 
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OPERATING DATA (hexode section employed as frequency-changer) 


FIXED SCREEN VOLTAGE 



Anodo voltage 




Va 

Screen-grid voltaijc 

200 V 


250 V 

Cathode resistor 

100 V 


100 V 

Hk 

Oscillator-grid kak 

215 ohms 


215 ohms 

OsciUator-grid curnnt 

50,000 ohms 


50,000 ohms 

^gz 

Grid bias (grid 1) _ 

200 fAk 


200 /<A 

Vgx -2 V M 

Anode curn^nt 

"^7 \ -) 2:i V M 

_2 

V ■') —17 V“) —23 V 3) 

Ia in \ 

Screen-grid eurrent 


5 

mA — 

f 92 ^g^ in A 

Conversion conductance 


5 

m\ 

8c 650 // \ V 

Internal resistance 

6 5 1 5 

()50 

// \ \ 6 5 1 5 

i?t 0 9 

5 5 

I 3 

5 6 M ohnih 


*) Without (ontrol *) (onv<rsioii <<m(iu<tan<< rtduced to otn huudrfdth of uiKontrolkd \iihie 
•) Lxtrerae limit ot control 


StkiA/¥) KilMnj 



ronvirslon (onductaiifi internal realstanfi 
Jii and alternating oscillator voltage Vost 
as a function of the oscillator grid current 
Jg^, at Va — 250 V, Rg^ = 60,000 ohms and 
with fixed screen voltage of 100 \ 


^clytAlV) 



Fig 10 

(onvtrsion (ondiitluiKe 6>r, inttrnal resistanfe 
Ri and alternating oscillator voltagi Voh( 
as a function of the oscillator-grid current Ig^, 
at Va ^ 250 V, Rg^ 50,000 ohms and with 
screen fed from a potential divider of 24,000 -i 
33 000 ohms (normal oi>cration) 
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b) SCREEN FED FROM A POTENTIAL DIVIDER (nonnal operation) (current 
passing through the potential divider itself: 3 mA). 


Supply or anode voltage Vb - 

Resistance of potential divider 

ya 


250 V 


(see Fig. 28) 

F, 


24,000 ohms 


Resistance of potential divider 





(sec Fig. 28) 

E, 


33,000 ohms 


(kathode resistor. 



215 ohms 


Oscillator grid leak. 



50,000 ohms 


Grid bias (grid 1). 

»>. 

—2 yi) 

"^3.5 

"^31 V ») 

Screen-grid voltage. 

^ 92,4 

100 V 

— 

145 V 

Anode current ... 

/« 

li mA 


— 

Screen-grid current./y 

J ^f/4 

.3 mA 

— 

— 

(Conversion conductance . . 


650 /-tA/V 

6.5 /^A/'V 

1.5 /iA/V 

Internal resistance. 


1.3 M ohms 

> 3 M ohms 

V 

o 

r 

00 


*) Without rontr<»l *) ( oiivorsion fontliKtariff rediiied to one-hundredth of unrontroilcd v a. 
») Extreme limit tif control 


SdyA/VJ 



VlK 11 

(onversion eonduetanfe Sr internal resistance 
Hi and alternatiiiK oscillator \oltage rc«r 
as a function of the oscillator-Rrid current /«/, 
at Vu ~ 250 V, i?f /3 - 50,000 ohms and with 
s( reen fed from a potential divider of 47 000 > 
33,000 ohms (noise-free operation) 


FhJ 12 

lomersion londiictancc Sr internal rcsistanee 
Hi and alternating oscilUtor voltage Voir 
as a function of the oscillator-grld current 
at Tfi — 250 V, /f( 7 a = 60,000 ohms and with 
screen fed from a potential divider of 22,000 -f 
*<4,000 ohms (optimum setting from the point 
ot view of freedom from cross-modulation). 
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c) ARRANGEMENT FOR LEAST POSSIBLE BACKGROUND NOISE, SCREEN 
GRID FED FROM A POPEN PIAL DIMDER (current passing through the 
potential divider itself 2 1 in A) 


Supply or anode \oltage T 

b 



250 V 


Resistance of the potential divider 





(see Fig 

28) 

R, 


47,000 ohms 


Resistance of the potential dnidcr 





(see Fig 

28) 

R 


33,000 ohms 


Cathode resistor 


Ri 


310 ohms 


Oscillator grid leak 


^Ji 


50 000 ohms 


Oscillator grid c ui i en t 


Jn 


20(VA 


Grid bias (grid 1) 



-2 \ ^) 

—10 V2) ^ 

-21 V3) 

Sc retn grid voltage 


^ gtt 

70 V 

— 

100 \ 

Anode current 


la 

1 5 m\ 

— 


Screen current 

I, 

+ Igi 

1 G mA 

— 

— 

(Conversion conduc tanc t 


S 

450 //A/V 

4 5/MA ] 

5 iuA/V 

Internal resistance 


R, 

2 M ohms 

5 M ohms 

() M ohms 


Without tontrd ) ( iivdsiin ( uidmtamc reduced t cm hundredth cf uneentrolled value 
Extreme limit of c ntr 1 




Rimj Sc(uAjVj 


RlMnj 



lifi 11 

Conversion conductance 6c internal resistante 
Ih and alternating oscillator voltage Vosc 
as a function of the oscillator grid current I /* 
at Va - 200 \ Rg^ - 50 000 ohms and ulth 
screen fed from a pote ntial divider c f 10 000 -t- 
64 000 ohms (for re te Ivers with 8\ itth fe r < 
or D C ) 


Fig 14 

C mvtrhion conductance Sc internal resistance 
7fi and alternating osrlllator voltage Vosc 
us a function of the oscillator grid curre nt Jg 
it I a — 100 V Ilq^ = 60 000 ohms and with 
screen fed from a potential divider of 10 000 «- 
*'4 000 ohms (foi re ce i\ e rs w 1th Rwite h for A t 
or 1)( ) 
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d) OPTIMUM SETTING FROM THE POINT OF VIEW OF CROSS MODULA 
TION, SCREEN GRID FED FROM A POTENTIAL DIVIDER (current 
passing through the potential divider itself 1 5 mA) 


SuppH or anode voltage Va 

Resistance of the potential 


divider (see Fig 28) 7?x 

Ktsistancc of the potential 
divider (see Fig 28) i ?2 

( athode resistor Ri 

Oscillator grid leak Rg^ 

Oscillator grid curre nt / 

Grid bias (grid 1) Igi 

Screen grid voltage 1 ^^2 4 

4node current la 

Screen grid current 
Conversion conductanct Sr 

Internal resistance Ri 


250 V 

22,000 ohms 

84,000 ohms 
165 ohms 
50 000 ohms 
200 //A 

—2 V 1) —28 5 V 2) —40 V 3) 

125 V - 200 \ 

4 5 m4 — 

4 3 mA — — 

800/iA/V 8//4\ Ifi/iA/V 

0 8 M ohm ^ 0 8 M ohm < 1 1 AI ohms 


With ut rontrol *) (omersi ii < ndiufaixi reduced t > < nc hundredth of uncontrolled value 
') 1 \tr nil limit of control 


*' fmVeff) TtA66 



lii, 1 > 

\t I < 2 U \ and with fixe I screen grid 

voltage of 100 V 

I pptr iuijram IVrmissibU K J voltage at 1 ® 

(ross modulation (A 1 °o) Hnd ptrmi8«il)k 
alternating voltage of the interfering signal on 
fh tn 1 withl modulation hum (/«* — 1 %) 
IS a tunction of the lonveraion conductance 
I r fut/ram Anode current/a screen grid 
< urre nt /y, -f Iq^ convi rsion umductanci Sc 
ui 1 intc rnal resistance ift as a function of the 
lias on grid 1 


l' nr^eff StSZa 



tig 16 

At 1 tt = 250 \ and with screen fed from a 
potential divider of 24 000 + 33 000 ohms 
(normal setting) 

I pper diagram Permissible 111! voltage at 1 ®o 
cross modulation (A = 1 ®o) and permissible 
alternating voltage of the interfering signal on 
the grid at 1 % modulation hum {mb = 1 *^ 0 ) 
as a function of the conversion conductance 
Louer diagram Anode current la screen grid 
current Ig% t- Ig^ conversion conductance 6c 
and internal resistance ifi as a function of the 
I ias on grid ] 


41 




ECH 3 


e) FOR A.C./D.C. RECEIVERS; SCREEN GRID FED FROM A POTENTIAL 
DIVIDER (current passing through the potential divider itself; at = 200 V, 
1.85 mA, at Vt = 100 V, 1 mA). 

Supply or anode voltage 


Ffc Fa = 


100 V 


200 V 

Resistance of potential 
divider (see Fig. 28) - 

Resistance of potential 

19,000 ohms 


19,000 ohms 

divider (see Fig. 28) R^ ~ 

54,000 ohms 


54,000 ohms 

Cathode resistor 





Bk 


210 ohms 


210 ohms 

Oscillator-grid leak 






50,000 ohms 


50,000 ohms 

Oscillator-grid current 




Bias on grid 1 


200 juA 


200 fiA 

F.. 

Screen voltage 

—1.2.'5 VT 

—13.5 V*')" 1^5 VS) 

2 V*) 

' 23.5 V") -31 VS) 

F,m - 

55 V 

75 V 

1(X) V 

145 V 

Anode current 
la 

Scrc'cn current 

1 mA 

— 

3 mA 

— 

^g2 

1.4 mA 

- 

3 niA 

— 

Conversion conductance 




8c 

450 /lA/V 

4.5/lAA" 1.5//A/V 

650 jiA/y 

6.5//A/V 1.5//A/V 

Internal resistance 





1.2 

- 4 .5 

0.9 

- 2 :: 2.5 


M ohms 

M ohms M ohms 

M ohms 

M ohms M ohms 

*) Without control 

*) Conversion 

(ondiKtuiue reduced to one-hundredth of uncontrolled value 

’) Extreme limit of control 





OPERATING DATA; Triode section employed as oscillator 


Supply voltage'. ^ 

Anode load resistor. Ra 

Anode current under oscillation 

(Rg - 50,000 ohms, Ig -- 200 //A). . 
Anode current at commencement of 

oscillation ( Vqsc “11). Ja 

Mutual conductance at comme'ncement 

of oscillation (Fosc 0) So 

Amplification factor [Vy - 0 V; Vf>«, 

0 V).// 


100 V 

150 V 

2j(» V 

45,000 ohms 

3.3 mA 

8 mA 

3.3 mA 

10 mA 

18 mA 

G.3 niA 

2.8 mA/V 

3.8 mA/V 

2.8 mA/V 

24 

24 

24 
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MAXIMUM RATINGS for the hexode section 


Anode voltage in cold condition 

Vao 

- max. 

650 V 

Anode voltage . . 


max. 

300 V 

Anode dissipation 

»a 

max. 

1.2 W 

Screen voltage m cold condition 

Voo 

max 

660 V 

Screen voltage (/« = 4 5 mA) 


max. 

125 V 

Screen voltage (/^ < 0 5 mA) 

^ 172 

max. 

200 V 

Screen dissipation 


max 

0.6 W 

Grid voltage at gnd current start (/^i 4 0 3 //A) Vg^ 

max 

—1.3 V 

Grid voltage at grid current start {Ig^ \ 0 3 //A) Vg^ 

max. 

—1.3 V 

(^athode current . 

h 

max. 

15 mA 

External resistance in circuit, grid 1 

^^g\k 

max. 

3 M ohms 

External resistance in circuit, gnd 3 

^gil 

max. 

100,000 ohms 

External resistance between heater and cathode 

^fk 

max. 

20,000 ohms 

Voltage between heater and cathode (direct voltage 
or elfcetive value of alternating voltage) 


max 

100 V 



liK 17 

\t Va — 250 V, 'With acrttn fed from a potiii 
tial divider of 47,000 f i8,000 ohms (noist 
fre«» sitting) 

^ PP€T dtaqram Permlsslbie R 1 'voifago'with 
1 % cross modulation (if = 1 “o) and permissi 
hic alternating voltage of the interfering signal 
on the grid \%ith 1 % modulation hum (wfr 
1 %) as a flinttion of the tonvtrslon tondutt 
amt 

/ over diagram Anode turrtnt la screen current 
+ Ig*, conversion conductance Sc and 
internal resistance Jh as a function of the 
bias on grid 1 


VdmVeff) S27Sa 



At T a = 250 \ with screen fed from a potential 
divider of 22 000 -+ 84,000 ohms (for freedom 
from appreciable cross modulation) 

Vpper diagram Permissible R F voltagt ivith 
1 % cross modulation (A — 1 and permis¬ 
sible alternating voltage of th( interft ring signal 
on the grid with 1 modulation hum (mb — 
1 %), as a function of the conversion conduct¬ 
ance 

hov-cr diagram Anode current 7u screen current 
if/, 4- 7^4, conversion conductance Se and inter¬ 
nal resistance 7w as a function of the bias on 
grid 1 
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MAXIMUM RATINGS for the trlode section 


Anode voltage in cold condition 

1 uo 

ma\ 

550 V 

Anode voltage 

l« 

ma\ 

150 V 

Anode dissipation 

II a 

max 

1 5 W 

(:}rid voltage at grid current start [ly 

1-0-5/14) Yg 

max 

1 3 V 

External resistance in the grid circuit 

lUi 

max 

100,000 ohms 


The tnodc oscillatefe very fieelv, owing to its high mutual conductance, and, since it 
18 also brought into oscillation easih, the reaction tan with advantage be fairly loose 
A grid leak of 50,000 ohms is recommended and a grid capacitor of 50 jtAjttF is satis- 
factory, these values can be maintained on all wa\t ranges 

In order to limit possible frequency drift and “pulling of the oscillator tuning b\ 
the R F circuit, it is advisable to incorporate the tuned oscillator circuit in the anode 
circuit of the triode section If the tuned circuit is connected to the grid circuit, the 
frequency drift is about twice as much as in the former case The alternating voltage 
at the oscillator frequenc\ occurring in the 


Vi fmVeff) SiAe^ 



01 1 10 100 F MD] 

liK 19 

At Va — 200 V \wth screen fed from a potential 
divider of 10 000 -+ 54 000 ohms (for n ci i\( rs 
Mith sv^itch for A ( or Jl C ) 

Upperdmtram Permissibleeffe 1 11vt HI voItagL 
at 1 % cross modulation (A - 1 %) and permis 
sible alternating \oltap:o of the interfering 
signal on the grid at 1 % modulation hum 
{mb — 1 %) as a function of the conversion 
conduetancp 

Lower diagram Anode current la screen voltage 
Jgt + Igt conversion conduotanre and 
internal resistance hi as a function of the bias 
on grid 1 


input circuit due to the capacitance 


V (mVetf) S1460 



lln -20 

At I M U)n\ Mithscrecn fed fr( m a p(»l( iiti »1 
diMdtr of 1) 000 -I 54 000 ohms (tor noiMrs 
>\ifh switch for A( of 1) C ) 
Lpptrdiu/ram I’crmissible R > \oltagf at 1 “ 
truss modulation (A 1 ”o) and pcrmissibb 
alt( mating voltage of tlit IntcrAring signal on 
the grid at 1 % modulation hum (mb - 1 ^o) 
as a function of the conversion (onductance 
Jouer dmfram Anode current la screen cur 
rent/flr* I 7(74 conversion coiiduetance Sr nn<i 
Internal rcsistanec Itx as a function of th< 
bias on grid 1 
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Sgn(mAl</) 



lit mIoik Sf/.w as .i fun( turn of tlu irndhias 



FIr 22 

hcrccn-Rrid current /r, 4- Ig^ as a function of the screen voltage 
/<7 i, 4 at various values of grid bias >’</. 
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augments or decreases the conversion conductance according as the oscillator frequency 
is higher or lower than the input frequency^ and it is therefore advisable, on the short 
wave ranges, to employ a higher oscillator frequency than the input frequency. Fig. 28 
shows the theoretical circuit diagram of the ECH 3 employed as frequency-changer. 
The oscillator circuit may be parallel-fed in the usual manner, in which case the 
resistor in series with the anode should be about 30,000 ohms with a supply voltage 
Vb = 250 V; the coupling capacitor should be between 50 and 500 ///iF. 

In order to keep the alternating oscillator voltage constant in the medium and long 
wave ranges it is important to connect the reaction coil by means of a padding 
capacitor; the oscillator-grid current on the medium and long waves will then be 
200-300-200 //A, whilst on short waves the oscillator voltage can be stabilized by a 
resistor of 75 ohms in series with the reaction coil. This resistor, in conjunction 
with the input capacitance of the triode, has a damping effect which closely follows 
any increase in the frequency. 

In A.C./D.C. receivers the circuit arrangement described above can be employed on 
a 250 V supply, provided that the feed voltage of the valve is not too low (say not 
less than 200 V). On a supply voltage of 100 V the anode potential is too low, in view 
of the fact that the anode of the triode has to be fed through a 30,000 ohm resistor; 
if a lower value were used for this purpose the oscillator circuit would be damped 
too much and, moreover, the padding curve would be unsatisfactory (greater fluctua¬ 
tions in the oscillator frequency, due to detuning of the oscillator circuit by the feed 
resistor). Since, generally speaking, the requirements of A.C./D.C. receivers working 
on lower voltage mains are not so stringent as otherwise, in such cases the oscillator 
circuit can be included in the grid circuit. In receivers designed for switching over 
either to A.C. or to D.C. and which are suitable for both 220 and 110 V mains, it 
is simpler to leave the tuned oscillator circuit in the anode feed circuit and to use the 
normal feed resistor for the parallel feed, also on low voltage. Naturally, there will 
then be a considerably lower oscillator voltage on 110 V mains than on 220 V. 
Different values of resistance in the potential divider for the screen feed of the hexode 



Fig. 23 

Equivalent noise resistance as a function of the screen-grid voltage 
at different values of grid bias Vg^. 
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Fig 24 

Internal resistance Hi as a function of the 
Bcreen-grid voltage Fg,,* at different values of 
grid bias Fgj, with Va — 260 V. 









75 Vgadyj 100 
azjs 

r . . 26 

Internal resistance 12k as a function of the 
screen-grid voltage Fgi,* at different values of 
grid bias Vg^, with Va 100 V. 


Fig. 25 

Internal resistance 12t as a function of the 
screen-grid voltage Fg „4 at different values of 
grid bias Fgi, with Fa 200 V. 
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Anode current of the triode section JaT at 
For « 160 and 100 V. 
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section have a very marked effect on the range of control, besides giving rise to different 
effects with respect to the signal-to-noise ratio, the control cut-off, cross-modulation 
and so on. The valve data therefore include various values for this potential divider, 
firstly for average operation, secondly to produce a good signal-to-noise ratio during 
the time that the valve is under the effect of the control and, lastly, a combination that 
will give an improved cross-modulation characteristic. For the use of the ECH 3 in 
A.C./D.C.receivers the different values are such as to render the valve suitable for 
the type of receiver that is fitted with a switch for the different mains voltages, the 
screen-grid potential divider and cathode resistor thus being adapted to both high 
and low voltage mains. On 110 V mains the grid bias in the uncontrolled condition is 
certainly only -1.25, which means that grid current may occur, but since the demands 
made of sets working on 110 V are not so high this may be regarded as acceptable. 


Jm 



Fl« 28 

Theoretical circuit dia{?ram shovnng the ECH 3 employed as a fre- 
* ' <lueney-(hanger. A value of 100 pF for capacitor Ct Mill usually 

give a more constant oscillator voltage throughout the vthole Mave- 
rangc 

Fig. 23 shows the characteristics with respect to the equivalent noise resistance 
plotted against screen voltage at different values of the grid bias. By means of Fig. 22, 
which gives the screen current as a function of the screen voltage, it is possible to 
derive the noise resistance curve for any given potential divider and this, again, in 
conjunction with the dynamic characteristic of the A.G.C. of a receiver will give the 
signal-to-noise ratio. Figs 24 to 26 reproduce the internal resistance curves as a 
function of the soieen-grid^ voltage; these, together with Fig. 22, will supply the 
resistance as a function of .the control voltage on grid 1. 

The latter is often of great interest, since many potential dividers as employed for 
feeding the screen will cause the screen voltage to rise too rapidly when the control 
operates, thus reducing the resistance of the valve. In order to avoid parasitic oscilla¬ 
tion a resistor of about 30 ohms may be included in the anode and control-grid 
leads. 
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EEP 1 (EE l) Secondary-emission^ valve 


The EEP 1 is an amplifier with secondary-emission cathode. Although 
originally designed for wide-band amplification in television receivers, 
it is now recommended for use exclusively as a driver valve for radio 
receivers and amplifiers with a balanced output stage. The use of this 
valve not only saves the expense of the transformer normally 
required to produce the two alternating voltages ctf opposite 
phase, but it also provides a very high degree of amplification. In 
amplifiers especially, this tends to reduce the total number of valves 
required and also allows the use of negative feed-back, without 
losing too much of the gain. 



Secondary emission and constrvction of Ike valve 

When electrons strike a metal surface at a certain velocity a small 
number of them are thro\^n back, whilst the majority of them pene¬ 
trate the superficial layer and there liberate electrons from the local 
atoms. Due to the impact of the primary electrons on the metallic 
surface, considerable velocity is imparted to the liberated electrons 
and if their direction of movement is favourable they are able to 
leave the surface. These electrons liberated from the surface of the 
metal V)y the primary electrons art' known as secondary electrons. 
The capacity for emitting secondary electrons is expressed by the 
“secondary-emission factor” 8. whicji is the average number of 
secondary electrons liberated l)y the primaries. The number of 
secondary electrons and the path which they follow depend on the 

construction of the valve, on the 


Dimensions in nil||j 




2B9Z7 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Diagram of the systeiii employed in 
f he secondary-emission valve. l*rlmary 
electrons, leaving the catl^de il*i, are 
deflected towards the secondary-emis¬ 
sion cathode A-, and the secondary 
electrons liberated from the latter pass 
to the anode. The direction followed by 
the electrons is shown by means of 
arrows and it is just the opposite to that 
of the stream in an ordinary receiving 
valve. 


potential at the various electrodes 
and on the physical properties of 
the bombarded surface. A nickel 
surface, for instance, gives a sc'con- 
dary emission factor of only 0.94 
at a potential difference of 150 V, 
so the number of secondaries will 
not be greater than the number of 
primaries; in other words there 
will be no multiplication of elec¬ 
trons, The latter can take place only when the 
factor is greater than 1. Fig 3 shows the principle 
of the secondary-emission valve, and its action 
as applicable to the EEP 1 is briefly as follows. 
hJlectrons are drawn away from a primary, in¬ 
directly-heated cathode by a secondary-emission 
cathode at a positive potential (150 V). A screen 
and grid are mounted between the cathode proper 
and the secondary cathode and each electron 
reselling the latter liberates a large number of secon¬ 
dary electrons from it, these being attracted by the 
anode which is at a high potential (250 V). 

It will be clear that every variation in the current 
flowing to the secondary-emissiQp cathode, atten- 
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dant upon changes of voltage on the grid 
gi, must produce a much greater variation 
in the current flowing from the secondary 
cathode to the anode, thus imparting 
steep-slope characteristics to the secon¬ 
dary emission, without necessitating an 
abnormally large cathode or an extremely 
small space between cathode and grid. 
If a comparison be made between two 
valves having similar cathodes, control 
grids and anodes, one of these valves em¬ 
ploying the secondary-emission principle 
whilst the other does not, it will be found 
that the mutual conductance of the 
former is very much the greater. 

For the same anode current, the mutual 
conductance of the secondary-emission 
valve is times greater than that of 
the ordinary valve, k being a factor 
related to both the design of the valve 
and the anode voltage. If the primary 
cathode current is not too low the value 
of the factor k will be constant at about 
1.6, the mutual conductance in that case being S®*® times greater. Suppose that S 5, 
then ® will be 2.6. 

If the primary cathode (indirectly-heated, with oxide layer) and the secondary-emis¬ 
sion area were provided inside the valve without any precautions to avoid tWs, the* 
secondary emission area would in time become covered with a deposit of material 
produced by evaporation of the cathode (e.g., barium and barium oxide) and 
the stability of the secondary emission would thus be seriously affected; the 
use of an electron-optical device, coupled with a careful arrangement of the paths 
for the electron streams, however, prevents the deposition of any material on the 
secondary cathode. In the EEP 1 this difficulty, namely the tendency of the primary 
cathode to produce deposits, is overcome by employing an electron deflector. It is 
assumed that the molecules liberated from the primary cathode move virtually in a 

straight line and an appropriate 
arrangement of the electrodes in 
the valve makes the secondary- 
emission cathode accessible to 
electrons from the primary 
cathode, but not to material 
thrown off by this cathode. The 
action of the secondary-emission 
valve can best be explained in 
relation to Fig. 4 1 ), which shows 
a section through the system of 
eleotrodes in the EEP 1. The 
primary cathode ki (indirectly- 
heated oxide cathode), the 
control grid gx, concentric with 

•) The diagram shows the construction of the original model of the EEP 1, but in later models the 
anode plate a is omitted to ensure satisfactory operation of the valve as a pre-amplifier and phase- 
nverter in balanced output stages, thus leaving only the anode-“grid" g, as virtual anode. 
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Fig. 5 

Equlpotcntial areas in the secondary-emission valve. For design¬ 
ation of the electrodes see Fig. 4. 



Cross-section through secondary-emission valve, 
showing the path of the primary electrons and also 
that of the secondary electrons liberated from the 
cathode kf. 

ki = primary cathode 

j 7 i == control grid 

< 7 , — screen grid (150 V) 

screen for protection of secondary cathode 
(0 V) from deposits caused by evaporation of 
the cathode 

83 = deflector screen (OV) 

k 3 — secondary-emission cathode (150 V) 

« + ffa “ anode (250 V). 
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the latter, and the screen grid (at a potential of about 160 V with respect 
to h^) together constitute the first three electrodes of a normal screen-grid 
valve; is the secondary-emission cathode, which is .usually also given a potential 
of 150 V. Between the system of three electrodes already mentioned and the 
secondary cathode a screen plate 8i is provided to prevent the deposition of 
material from the primary cathode upon the secondary; this screen is connected 
internally to the cathode. A second screen 8^ is fitted about the electrode system, this 
being also at cathode potential and suitably shaped for correct deflection of the 
electrons. Finally, the valve contains an anode-grid (/a, stijetched parallel to the emis¬ 
sion cathode and connected to the anode plates a. The shape of the screen is such 
that the field produced between the primary and secondary cathodes causes the elec¬ 
trons to follow curved paths around the screen 8^ towards the secondary cathode 
(see Fig. 4). Fig 5 shows the equipotential arenas in one half of the valve. Between 
tin' screen grid j/g and the secondary cathode the electrons travel through two concen¬ 
trating fields, deflection taking place in the low-potential area formed by screen 5 ,, 
and F'ig. 5 clearly illustrates the so-called focusing arrangement. An electron arriving 
at the secondary-emission cathode liberates a number of secondary electrons (sec. 
emission factor 8 - 5) which are collected by the anode-grid < 73 , mounted at about 
1.6 mm distance from it and operating at a voltage of some 100 V higher than that 
of the secondary cathode. 

It is worthy of note that the electrons released from the secondary cathode set up 
a negative eurnmt to this cathode; whereas normally the external current flows 
towards the positive electrode, the current in 
this ease passes aw’ay from the secondary cathode 
and foliow's a path through the source of vol¬ 
tage to th(* primary cathode. Simultaneously, 
however, the positive current flow's to the 
secondary cathode, so that the emission current 
must be diminished by the value' of this primary 
current. 

The secondary-emission valve as pre-amplifier in 
haUinced output stages without transformer. 

When balanced output stages are driven b\ 
means of the secondary-emission valve EEP 1 , 
use is made of the fact tliat the secondary-emission current (in a positive sense) 
passes externally to the anode and is taken away at the secondary cathode. It must 
then be remembered that the current from the latter cathode is reduced to the extent 
of the primary electrons flowing in the opposite direction. The phases of the currents 
passing to the two electrodes are therefore 180° opposed and, if these currents be 
passed to or from the electrodes across resistors, voltages will be obtained wiiich 
will also be 180° out of phase (see also Fig. 6 ). 

These two alternating voltages of opposite phase may be applied through coupling 
capacitors with grid leaks to the grids of tw'o output valves in a balanced circuit, 
and the values of the resistors in both anode and secondary-cathode circuit should 
naturally bo such that the two opposed alternating voltages are exactly equal. 

As already stated, the action of the valve depends upon the fact that for every electron 
reaching the secondary cathode 8 electrons arrive at the anode; the number of electrons 
at the secondary cathode is therefore augmented by ( 8 — 1 ) electrons passing through 
i?i to the secondary cathode, w'hilst 8 electrons leave the anode through i?* in 
respect of these. 

') Tn Fig. 10 7^, Is made up of 7?, and 7?, In parallel. 



ri^ b 

bchemitie arrangement showing the action 
of thesecondary-emis->ion \alve employed as 
driver valve. The arrows Indicate the direc¬ 
tion followed by the electrons. The normal 
current flow is in the opposite direction to 
thit of the arrows. 
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Fi*.» 

Secondary*emiBsion cathode 
current as a function of the 
anode voltage, for different 
values of grid bias. 



Jf the effect of the secondary cathode on the anode current is ignored, equal voltages 
will depend on the following expression: 

(S—1) — S ~ ^ 

In practice will have to be slightly less than this value, in view of the fact that 
the alternating voltage at the secondary cathode also contributes to the anode current. 
Fig. 16 shovs the theoretical circuit diagram of the EEP 1 driving a balanced output 
circuit. Since the factor S is governed by the negative potential of the grid of the EEP 1, 
a method of stabilizing the grid bias is employed; the cathode is given a potential of 
about 23 V positive with respect to the earth line or negative H.T. line, whilst the 
first grid and screen grid are fed from a potential divider. In this way the first grid 
roc<‘ivos a positive potential of about 20 V. 

Negative feed-back may be included in the cathode circuit as show'n in Fig. 17. 

A potential divider, is connected across the loudspeaker; resistor is simul¬ 

taneously included in the cathode circuit of the EEP 1 and the speech voltage across 
R^ therefon' occurs between the cathode and the grid of this valve. The sum of the 
resistances of R^ and Rf^ should correspond to the value of the cathode resistor as 
specified for this valve (the value of R^ in Fig. 16; see also the following data). 

HEATER RATINGS 

Heating: indirect, A.C. or D.C. parallel supply. 

Heater voltage. 

Heater current. 


1/ - 6.3 V 
If = 0.6 A 


CAPACITANCES 




ag\ 0.006 


^ gikz 0.001 /i//F 


STATIC RATINGS 


Va 

250 V 

^ gi 

150 V 

^ jfc2 

150 V 

^ 171 

—2.5 V 

la 

8 inA 

^gz 

0.45 mA 


—6.5 mA 

s 

17 mA/V 

Ri 

50,000 ohms 
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Fin. 10 

Anode current as a function 
of the screcn-prid voltage, for 
different values of grid bins. 



Jg2(mA) 



Fig 11 

Screen-grid current as a func¬ 
tion of the screen voltage for 
diffenait values of grid bias 


-lk2(mA) 


Fig. 12 

Secondary-omission cathode 
current as a function of the 
screen-grid voltage, for differ¬ 
ent values of grid bias. 
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OPERATING DATA: EEP 1 employed as pre-amplifier and phase-inverter 
in balanced ouput stages 

(For resistance, current and voltage references see circuit, Fig. 16) 


Supply voltag(‘. Vi 

Resistor./?i 

Resistor. 

Resistor. R^ 

Resistor. R^ 

Resistor. /?5 

Resistor. R^ 

Cathode resistor.7i\ 

Alternating output voltage per grid in output 

stage.To 

Alternating input voltage. V, 

Gain between grid of EEP 1 and grid of output 

stage. Vo'Vt 

Total distortion. dtot 


400 V 

26,000 ohms 

- 208,000 ohms 

29,000 ohms 
85,000 ohms 

- 30,000 ohms 

9,000 ohms 
“ (5,900 ohms 

10 30 
34 114 

- 3(.)0 265 
1.4 4.6 


500 V 

26,000 ohms 
208,000 ohms 
29,000 ohms 
105,000 ohms 
30,000 ohms 
9,000 ohms 
6,000 ohms 

10 30 
31 96 mV^;; 

325 315 
0.9 3.2 


MAXIMUM RATINGS 


Anode voltage in cold condition ... .... 

1 (to 

max. 

7(K» 

Anode voltage^. ... 

Vu 

max. 

4(K) V 

Anode dissipation. 

II» 

max. 

2 W 

Screen-grid voltage in cold condition ... 

^ 0.0 

max. 

40() V 

Screen-grid voltage. 

I'./. 

max. 

ir,o V 

Screen-grid dissipation. 

11 .,. 

max. 

0.1 w 

Voltage on sec. emission cathode in cold (iondition 

1 k'iO 

max. 

400 

Voltage on sec. emission catliode. 

Vu 

max. 

200 \' 

Dissipation of sec. cathode .... 


max. 

2 W 

Primary-cathode current. 


max. 

10 in A 

Grid voltage at grid current start (/^, i 0.3 /M) Vqi 

max. 

--1.3 V 

Resistance between grid and cathode. 

^q\h 

max. 

0.7 M ohm 

Resistance between filament and cathode. 

% 

max. 

20,000 ohms 

Voltage between filament and cathode (direct voltage 
or effective value of alternating voltage) .... 

i> 

max. 

50 V 


APPLICATIONS 

In connection with the foregoing the folknving points should also be noted. The EEP I 
must be allowed to work only with automatic grid bias; normally the bias is obtaiiu'd 
from a resistor connected to the cathode and the value of this resistor should 
be such that the potential difference corresponds exactly to the required bias. The 
working point A will then lie just on the point of intersection of the line OA with thf‘ 
characteristic (see Fig. 18). A slight displacement of the curve would, in the (iasc of 
normal valves, produce only a small increase or decrease in the anode current. In 
the EEP 1, however, a very much greater variation in anode current results and, since 
the normal cathode resistor is of a fairly low value and offers only a small degree^ 
of compensation, special precautions have to be taken. Better automatic control of 
the cathode current is possible if the slope of the line OA in Fig. 18 is reduced and this 
effect can be obtained by using a higher resistance, due to the fact that the slope of the 
line in question is determined by the quotient of the cathode potential and the cathode 
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values of reslstJirs /f^ to /{, may be obtained from the operatlnfx data. 



Fig. 17 

The EEP 1 employed as driver, \iith negative feed-back. The circuit la the same as that of Fig ^ith 
the exception of if, and if* of which the values depend on the required feedback; the sum of the vahu'S 
of if, and /ft should correspond to the value of resistor if, in Fig. l». 
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current. This, however, would make the grid bias too high, so that a positive potential 
has to bo applied to the grid. In Fig. 18 this potential is represented by OB. From 
the point B the new line is drawn and the total grid bias as a function of the cathode 
current is then restored. It will be seen that the cathode current, regulated in this 
manner and indicated by the point of intersection with the curve, does not vary to 
any extent from the average value. 

When the EEP 1 is employed as driver valve in a balanced circuit it is recommended 
that a supply voltage Vh of not less than 275 V be employed; otherwise the results 
will not be satisfactory. 



Fu: 1 s 

Siiiipliflnl (liuiziuin 4i(m- 
irm the etfect of the 
cathode r«*sistor on the 
constancy of the cathode 
current. The autoinatK 
control of the current is 
better according as the 
re«!istance line becomes 
flatter. 
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EF 5 Variable MU R.F. pentode 

The EF 5 is a variablo-mu R. F. or I.F. pentode. Special care has 
been devoted in the design of this valve to the greatest possible 
reduction in cross-modulation and modulation hum. At a screen- 
grid voltage of 100 V the anode current of the EF 5 is 8 niA, when 
the mutual conductance is 1.7 niA/V, the control range being from 
3 to —46.5 V. The control range is capable of modification by 
means of the screen voltage; at lower screen potentials, for the same 
grid bias, the mutual conductance drops sharply, but the cross- 
modulation conditions are then not so very good. With a screen 
voltage of 85 V the control range extends from —2 to —39 V only. 
Obviously, a lower screen potential will result in a lower screen 
current as well as a lower anode current and it ift thus possible to 
reduce the bias at the working point from —3 to —2 V to increase 
the slope'; the working value of the mutual conductance is then 
1.85 inAW. 

With 60 V screen potential the conductance is still further reduced, 
20 V. 

'^rhe very gre<itly diminished modulation hum in this valve is of first 
nnportanc(‘ in A.(\/D.(\ receivers, w^herc alternating voltages at 
mains fn‘quency can easily occur between hi‘at(‘r and grid. The EF 5 
IS notable for its lo\\ inter-electrode capacitances and high internal 
resistance; excellent results an' obtained on the short-w'ave range. 
Although on short w avi's the circuit magniheation is usually only fair, 
the excellent properties of the EF 5 make it possible to achieve 
extremely good amplification in this range. On short waves, too, the 
mutual conductanee is the same as on the other ranges (e.g. 200 m). 
The high impedanee of anode and grid wuth respeet to earth in the 
12 to 60 metre band, as compared w^ith the impedance values of 
practical tuned circuits, enables the EF .5 to produce in that range 
amplification values equal to the product of mutual conductance and 
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Diinenbions in rnm. 
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Arrangement of 
electrodes and 
base connections. 


-20 -/5 -5 

Fig. 3 

Anode current and screen current as a function of the urid bias, for different 
values of screen potential, at 250 V anode. The curves also apply as an 
approximation to anode voltages of 100-250 V. 


impedance. On the short- 
wave bands the (feed¬ 
back) impedance, which 
takes the place of the 
anode-to-grid capaci¬ 
tance on the long waves, 
is unusually high and 
there is therefore no 
risk of parasitic’ oscilla¬ 
tion, even with the 
maximum permissible 
amount of gain. 

A factor contributing in 
no small degree tow^ards 
the high properties of 
tliis valve is the use of 
side contacts (P-type 
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base). The supprcssv)!* 
grid and metallizing, 
each with their own 
individual contacts, can 
be connected direct to 
earth to give the beat 
possible results with 
short-wave reception. 


MmA) ' 



Flff. 4 

Anode currrnt as a function 
of the anode voltage, for 
different values of scrt'cn 
potential and grid bias. 
































EF 5 


HEATER RATINGS 

Heating: indirect, A.(\ or D.C., series or parallel supply. 

Heater voltage.1/ =-- 6.3 V 

Heater current.= 0.200 A 

CAPACITANCES 

('ayI < 0.003 /y/^F 
~ 5.4 flflF 
('a -- 6.9 nfiY 

OPERATING DATA: valve employed as R.F. or I.F. amplifier 


Anode voltage 


Ka (V) 

100 



200 



250 


♦Screen-grid voltage 

Vg. (V) 

♦Suppressor-grid voltage 

100 



100 



100 


(V) 

0 



0 



0 


i^athode resistor 

Hk (ohms) 

Grid bias 

170 



180 



180 


Vg, (V) .2M') 

-34^) 

-46.53) 

-2.95*) 

-.343) 

-46.5») 

-‘V) 

-.343) 

-46.r.») 

Anode current 

4 (A) 8 

ScKH‘n current 

— 

— 

8 

— 

— 

8 

— 

— 

Igi (mA) 2.6 

Mutual conductance 

— 

— 

2.6 

— 

— 

2.0 

— 


.V (fiA/V) 1700 

Amplification factor 

17 

2 

1700 

17 

2 

1700 

17 

2 

,u 500 

Internal resistance 

- 

— 

1600 

— 

— 

2000 

—— 


(M ohms) 0..3 

10 

10 

0.95 

> 10 

> 10 

1.2 

> 10 

> 10 

Anode voltage 









Va (V) 

l(K) 



200 



250 


Scrt'cn-grid volta 2 <* 
yg, (V) 

.Suppressor-grid voltage 

85 



85 



85 


IV, (V) 

0 



0 



0 


<’athode resistor 
lik (ohms) 

<Trid bias 

190 



195 



2(H) 


IV, (V) -1.9') 

-290 

-393) 

-1.95*) 

-293) 

-.393) 

-2*) 

-293) 

-393) 

^Vnode current 
la (mA) 7.5 

Screen current 

- 

- 


— 

- 

7.5 

— 

-- 

Ig 2 (mA) 2.45 

Mutual conductance 

— - 

_ - 

2.45 

— 

— 

2.45 

— 


ijuA/X) 1850 

Amplification factor 

18 

2 

1850 

18 

2 

18.50 

18 

2 

fi 550 

Internal rcsistanct' 

— 

_ - 

1750 


_ 

22(iO 



7?, (M ohms) 0.3 

> 10 

> 10 

0.95 

> 10 

> 10 

1.2 

> 10 

> 10 
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Anode voltage 


Fa(V) 

100 


200 



250 


Screen-grid voltage 
(V) 

Supressor-grid voltage 

60 


60 



60 


Vg, (V) 

Cathode resistor 

0 


0 



0 


R]c (ohms) 

Grid bias 

360 


370 



380 


Vg, (V) -1.9D 

-22“) 

-293) .2.951) 

-222) 

-293) 

-21) 

-222) 

-293) 

Anode current 
la (mA) 4 

Screen-grid current 

— 

— 4 

— 

— 

4 

- 

— 

Ig^ (mA) 1.3 

Mutual conductance 

— 

— 1.3 

-— 

— 

1.3 

— 

— 

S (^A/V) 1400 

Amplification factor 

14 

2 1400 

14 

2 

1400 

14 

2 

1200 

Internal resistance 

— 

— 1900 

— 

— 

2000 


— 

(M ohms) 0.85 

10 

> 10 1..35 

> 10 

> 10 

1.4 

10 

10 


*) Without control 

•) Mutual conductance reduced to one-hundredth 
of uncontrolled value. 

•) Extreme limit of control. 

MAXIMUM RATINGS 

Vao max, 550 V 

Va max. 250 V 

Wa max. 2 W 

Vqio max. 400 V 

V(ji max. 125 V 

Wqz max. 0.4 W 

Ik max. 15 inA 

OMjnA) max.—1.3 V 

Bgi max. 2.5 M ohms 

I^fk max. 20,000 ohms 

Vfk max. 100 V 

*) Direct voltage or effective ^alue of alternating 
voltage 


Due to the curvature of the charaeteriKtie, 
the uses of the EF 5 are restricted to R.E. 
and i.F. amplification. It can be employed 
as amplifier with either automatic or 
manual control. It is preferable to feed 
the screen through a potential divider; 
in many cases it would be found when 
using a series resistor that the screen 
voltage would become too high on full 
control and that the amplification control 
would be far too tardy. 
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I ig ,5 

At 100-2r>0 V anode and 100 V flcreen; 
Vpjter diagram. Alternating grid voltage as a 
function of the mutual conductance, with 1 % cross 
modulation. 

Centre diagram. Alternating grid voltage as a 
function of the mutual conduct am c, with 1 % 
modulation hum. 

Lmm diagram. Mutual condmtance S, anode 
ciirn nt la and screen current /g, as a function of 
the voltage on the first grid. 
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At 100—250 V anode and 86 V acreen, 

Upper diofjram. Effective alterniKtinf; iirid vol¬ 
tage as a function of the mutual conductance, 
with 1 % cross modulation 
Centre dmqram Effective alternating grid vol¬ 
tage as a function of the mutual eonductance, 
Mith 1 % modulation hum. 

Lower diagram. Mutual ronduc‘tance S, anode 
current la and screen current /</, as a function 
of the grid bias 


Fig 7 

At 100-250 V anode and 60 V screen: 

Upper diagram. Effective alternating grid volt¬ 
age as a function of the mutual conductance, 
with 1 % cross-modulation. 

Centre dmgram. Effective alternating grid volt¬ 
age as a function of the mutual conductance, 
with 1 % modulation hum. 

Lower diagram. Mutual conductance anode 
current la and screen current /g, as a func*tion 
of the grid bias. 
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Fig 8 

8creen-grld current as a function of the screen xoltage, for different 
values of grid bias. 
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Anode current as a function of the screen-grid voltage, for different 
values of grid bias. 
















EF 6 


EF 6 Pentode 


This valve is particularly suitable for A.F. amplification and either 
anode-bend or grid detection. The EF 6 works only on a fixed bias 
and therefore finds no application in practice as an R.F. or I.F. 
amplifier. The degree of A.F. amplification, however, is very high 
indeed, the ultimate signal voltage on the anode being so great that 
practically distortionless modulation is po-isible in any kind of output 
stage. Used as a grid detector, this valve has many advantages when 
good reception of local stations is required. 

It is also a very useful valve in special circuits, for instance as an 
amplifier for the control voltage in an automatic gain control circuit 
and so on. TJie EF 6 ^vlll also give very good results on the short¬ 
wave ranges, vhere the mutual conductance is the same as in the 
broadcast i\ave-bands. 

A.S the R.F. imjxdauce of anode and grid in the 12 to 60 m range, 
\\ ith respect to the impedance of normal tuned circuits, is extremely 
high, the gain obtainable from this valve is equal to the product 
of mutual conductance and impedance. In the short-wave range, 
t he impedance, which replaces the anode-io-grid capacitance on long 
waves (anode feed-back), is also very high, so that the maximum 
jx'rmissible amplification may be obtained without risk of parasitic 
oscillation. 


max 32 




c 

! 

1 


J2239 


Fig. 1 

Dimensions in inin. 

a 



k f f 




sM^J 



KmA} 

12 


In part, the excellent short¬ 
wave qualities of the EF 6 
are due to the use of the 
P-t 3 "pe side-contact bast» 
and separate suppressor- 
grid connection. CVoss- 
modulation and modulation 
hum are both very slight 
indeed, especially at the 
maximum permissible 
a(*reen-grid Voltage and, for 
this reason^ the valve gives good results in 
A.(\/D.C. receivers; in view of the high alter¬ 
nating voltages occurring betw een the heater 
and earth, and induced on the g^d,^in 
this type of receiver it is important thaft 
modhlation hum should be as low as possible. 

HEATER RATINGS 

Reating, indirect, A.C. or D.C., parallel 
supply. 

Heater voltage .1/ — 6.3 V 

Heater current .— 0.200 A 
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Fig. 2 

Arangcment ol 
electrodes and 
base conuectloub. 


Fig. 3 

Anode current, screen-grid current and mutual 
conductance as a function of the grid bias at 
Vfft 100 Y. The curves also apply as an 
approximation at all anode voltages from 
100 V up\^ards. 


CAPACITANCES 
< 0.003 /i/xF 
CV, - 5.^ fifiF 
('a = fi-9 jU/xF 
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EF 6 


b(mA) 



FiK 4 

Anode current as a function 
of the anode voltage at Vg^ — 
100 V, tor dlllerent values of 
grid bias. 


OPERATING DATA 


Anode voltage. 

Screen-grid voltage. 

Suppressor-grid voltage. 

Grid bias. Vg^ 

Anode current. 1^ 

Screen grid current. Ig^ 

Amplification factor. 

Mutual con luctance. 8 

Internal resistance. Ri 


100 V 

200 V 

250 V 

100 V 

100 V 

100 V 

0 

0 V 

0 V 

—2 V 

—2 V 

—2 V 

3 mA 

3 mA 

3 mA 

0.8 mA 

0.8 mA 

0.8 mA 

1800 

3600 

4500 

1.8 mA/V 

1.8 mA/V 

1.8 mA/V 

l.O M ohm 

2.0 M ohms 

2.5 M ohms 


MAXIMUM RATINGS 


1 ao 

Va 




h 

J^gik (auto, grid bias) • • • 

^g\k (fixed bias) • • • 

^Sk . • • • 

yjk . 

‘) Direct voltage or effective value of alternating voltage. 
68 


max. 550 V 
max. 300 V 
max. 1 W 
max. 550 V 
max. 125 Y 
max. 0.3 W 
max. 6 mA 
max. —1.3 V 
max. 1.5 M ohms 
max. 1 M ohm 
max. 20,000 ohms 
max. 75 V 
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fijj r> 

r.l 0 Mnployod EH tnode Anudr rurreritasa furution 
of the grid bias for T'« = 150 V 


The valve is metallized and no additional 
screening is necessary, but the separate 
base contact to which the metallizing is 
connected internally must be effectively 
connected to the chassis. If in special 
circuits the cathode is negative with 
respect to the chassis, the metallizing 
should be connected to the cathode. The 
suppressor grid also has its own separate 
base contact for direct connection to 
earth. 

Care must be taken when using the EF 6 
as detector or A.F. amplifier in A.C./D.C. 
receivers, however, to see that the heater 
of the valve, in the heater circuit, is 
connected as closely as possible to the 
chassis end, in order to avoid hum. 

1) GRID DETECTOR WITH 
RESISTANCE COUPLING 

For grid detection it is advisable to feed 
the screen from a resistor and not 
from a potential divider, since in that 
case the grid swing will increase with 
signal strength. In A.C./D.C, receivers 
for use on 110 V mains the EF 6 is not 


generally satisfactory, as the output 
voltage is usually insufficient to load the output valve fully at lov modulation depths. 
Table 1 gives the results to be obtained with the EF 6 when employed as grid detector. 


2) A.F. AMPLIFIER WITH RESISTANCE COUPLINCJ 

The EF 6 is eminently suitable for A. F. amplification since it provides considerable 
gain with only very 
moderate distortion; the 
screen should preferably 
be fed through a resistor, 
for which a suitable 
value is indicated in 
tables II and HI. 

The A.F. signal applied 
to the grid must not be u) 
too strong, as this tends 
towards microphony 
when the loudspeaker 
used is *f a sensitive 
type. This valve can be 
used only in circuits 
having not more than 
one stage of A.F. ampli¬ 
fication and must there¬ 
fore m every case be 
followed immediately by Fig. 6 

® employed as tiiode. Anode current as a function of the anode 
tne output valve. voltage, for different values of grid bias. 































Generally speaking, the A.F. sensitivity 
at the grid of the EF 6 should not be 
less than 5 mV. 


Fik. 7 

Curre A Effective alternating jfrid voltage an a 
function of the screen-grid voltage of the EF «, with 
« % cross-modulation (3 % increase in modulation 
depth -f 2.25 m % modulation distortion, m 
mo<iulation depth). 0 % cross-modulation corres¬ 
ponds to 0.5 % third harmonic. 

Curve h. Etfective V'aluts of the alternating grid 
voltage as a function of the screen-grid voltage 
with 4 % modulation hum (corresponding to 1 % 
second harmonic). 



r in. o 

lit driagram of the EF 6 employed as grid delcf tor with 
resistance coupling. 


/a 



Fig. 0 

it diagram of the EF d employed as A. F. aiiiplltier 
with resistance coupling. 
































EF 6 employed as grid detector with resistance coupling in A.C. 


EF 6 


Heaters fed in parallel in A.C. receivers; detector grid leak = 1 megohm; grid capacitor = 100 Grid leak of next (output) valve J?g,x = 0.7 

megohm. Modulation depth m = 0.3 (30 %). Screen fed through series resistor; la and Ig^ measured without signal. 

Used with EL 5 as next 
(output) valve. 

Va = 250 V; Vg^ = 275 V 

For full 
excitation 

Input 

volts 

Vi 

(ML 

0.27 

0.26 

0.28 

0.27 

0.26 

0.28 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.45 

0.45 

0.60 

0.45 

0.45 

0.60 

Output 

volts 

Vo 

(ML 

OUSUd USUSIO lOkQiq lOlOlO IOU310 

QOOOOO oooood QOOOOO Qoodoo OOQOX 060606 

For 50 mW 
output 

Input 

volts 

I'i 

{mYeff) 

QPQ OO© ©©0 ©©OS ©©© 

©US© ©©© ©©© ©©© 

Output 

volts 

Vo 

(ML 

©©© ©©© ©©© ©©© ©©© ©©© 

odd ddd ddd ddd ddd ddd 

Used with EL 3 as next 
(output) valve. 

Va = Fg, = 250 V 

For full 
excitation 

5 > C 

•^^© ^’^© ©©© ©©© 

f— 1 ^ 1 —( 1 —If-Hi-H fHi-Hi-H C^(N<N 

ddd ddd ddd ddd ddd ddd 

Output 

volts 

Vo 

(ML 

e6c6c6 codec cococo cococo cococo cococo 

For 50 mW 
output 

a * 

g'’o U. > 
5 > S 

©coco cococo CC (X> 90 CO CC QC (NO)© 

cococo cococo cococo cococo 

Output 

volts 

Vo 

jym 

cococo cococo cococo cococo cococo cococo 

cococo cococo cococo cococo cococo cococo 

ddd ddd ddd ddd ddd ddd 

Used with EL 2 as next 
(output) valve. 

Va = Vgt = 250 V 

For full 
excitation 

Input 

volts 

Vi 

jm) 

©©(N ©©<N coco© coco© 

COCO-^ COCO'^ 

ddd ddd ddd ddd ddd ddd 


0)0)0) 0)0)0) 0)0)0) 0)0)0) 0)0)0) (N0)0) 

For 50 mW 
output 

Input 

volts 

Vi 

(mVeff) 

CO©© ©©© ©©© OO© l>t^CS ©©-^ 
©©© ©©© ©©© ©©© 

Output 

volts 

Vo 

(ML 

© © © © © © © © © © © © © © © © © © 

ddd ddd ddd ddd ddd ddd 

Max. 

alter¬ 

nating 

output 

Vomax^ 

(yeff) 

© 

©t^© ^ ^ COOt^ ©CO-^ '^o© X©0) 

I-Hi-Hf-H 0 ) 0 )i~H (NO^ 

Screen 

cur¬ 

rent 

ig» 

(mA) 

©©©©XCO©©© ©© © 

^COCO C00)0) 06©© ©O)© CO©© 

ddd ddd ddd ddd ^ph© ^n^d 

Screen- 

grid 

series 

resistor 

Rgt 

(M ohm) 

© © 

©X© ©X© CO'^© X'^© ph©)X •-< 0 )X 

dd^ dd^' ddd ddd ddd ddd 

Anode 

cur¬ 

rent 

la 

(mA) 

© © © © 

^ 

^ ^ ^ ^od 0 ) 0 )pN 0 )^^ -hJcoo) cocoo) 

Anode 

Coup¬ 

ling 

res. 

Ra 

(M ohm) 

© © © © © © 

0)0)0) 0)0)0) ^ ^ ©OO ©OO 

ddd ddd ddd ddd ddd ddd 

Supply 

volt¬ 

age 

Vb 

(V) 

SSS SSS SSS SSS 

cococo 0)0)0) cococo 0)0)0) cocox 00)0) 
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') In these values for the alternating output the distortion in the detector is less than 5 
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•) Id the A.F. amplifier with fully loaded output valve. 







EF 8 


EF 8 Low-noise variaLIe-MU R.F. amplifier 
pentode 





Control grid 
Scrmmn grid 
Additional grid 
Intoreopting grid 


Anode 


'fk *1 


M 5; 


Cathodi 


X 



ITff 


The EF 8 is a variable-mu R.F. amplifier the chief feature of which 
is its very low noise factor. As the noise produced in screen-grid 
and pentode valves is caused mainly by the distribution of the 
current between the screen and the anode — from which point of 
view a low screen current is advantageous — efforts have been made 
in the design of this valve to keep this current as low as possible. 

In principle, the construction of the EF 8 is similar to the conven¬ 
tional pentode, embodying control, screen and suppressor grids, but 
between the control grid and screen of this valve an additional grid 
has been introduced, wound with exactly the same pitch as the screen ^ 

and normally connected to the cathode. The turns of this extra grid niincnsionB in nun 
are situated exactly opposite those of the screen grid and this auxiliary 
electrode repels and bunches the electrons on their way towards 
the anode, the bunches thus passing just between the turns of the 
screen grid. In this way, the number of electrons actually arriving 
on the screen is very much smaller than when the auxiliary grid is 
not used. Fig. 3 illustrates the paths of the electrons through the 
different grids. 

The purpose of 
grid 3 is to dra^\ 
from the cathode 
a sufficient num¬ 
ber of electrons 
through the two 
grids (grids 1 and 
2) with their lo\^ 
potential and this 
can take place 
only if the con¬ 
ductance of grg 
through 172 is high 
enough, which 
means a wide 
pitch for grids 2 
and 3. For the 
same reason it is 
necessary to in¬ 
crease the screen 

voltage, w'hich in the EF 8 is 
250 V instead of the usual 100 V. 
One drawback of this arrangement 
is that the dimensions of the 
various grids must be such as to 
permit the anode to exert sufficient 
attraction through the grids 
fl's fl-nd 

In consequence, the anode-to-grid 
capacitance is higher than usual in 


gAy 


, 26 . 


£7770 

riK. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Paths of the electrons from the cathode to the space between 
screen grid and anode. The second grid together with the 
third form a focusing device the actual focus of which lies 
roughly in front of grid 2. In this way the electrons are 
passed through the meshes of the third grid, resulting in a 
very low current to this grid. 
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a pentode such as the EF 5 or EF 9, being 
max. 0.007 /u/uF, as against 0.003 /i/uF in 
the case of the EF 5. The impedance is 
therefore also lower, viz. 0.45 megohm. 
However, as the EF 8 finds practical 
application only as an R.F. amplifier, 
that is, as the input valve in a receiver, 
the higher and lower impedance do 
not in themselves form an objection. In 
the short-wave range the circuit impe¬ 
dances are in any case on the low side, 
whilst in the normal broadcast bands the 
opportunities for amplification b^ means 
of this valve would, usually, not be fully 
utilized, since the signal input to the 
frequency-changer would then be too 
great. 

Amplification is greatest behind the input 
valve of the receiver, but it is much 
less in the following stages and the 
latter therefore* contribute in a very much 
smaller degree towards the general back¬ 
ground noise. I’sually the input valve 
is a frequency-changer and, as is generally 
Z 777 M known, this type of valve is fairly noisy. 

Fig 4 for which reason, in high-performance 

Anode current an a function of the grid voltage, . , x 

for different values of the bias on grid 2. receivers where many different precau¬ 

tions an* taken to suppress interference, 
including background noises, an R.F. pre-amplifier is employed. 

The use of the EF 8 as R.F. amplifier ensures excellent characteristics from the point 
of view of the suppression of cross-modulation. The valve is generally provided 
with automatic gain control and its high perfornian^'c sliould therefore be maintained 


especially on very strong 
signals, that is, with the 
full control applied to 
the valve. A very satis¬ 
factory cross-modulation 
curve is obtained on an 
anode current of 8 niA 
in the uncontrolled con¬ 
dition and the special 
design of the valve en¬ 
sures that background 
noise, for which this 
high anode current 
would otherwise be an 
adverse factor, is kept 
at an extremely low 
level. 

In connection with these 
features, the screen cur¬ 
rent has been effectively 
reduced to 0.2 mA, 



Fig. 5 

Anode current as a function of the anode voltage, for various values 
of the bias on grid 1; grid 2 is connected to the cathode. 
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EF 8 



connected to cathode 


EF 8 , of 




25,000 

13,000 


^1.4 times. 


At the low-frequency end of the short¬ 
wave range, say at 50 m, the impedance 
of the circuit is usually much lower, being 
of the order of 3,000 ohms, and here the 
advantages of the EF 8 come more to the 
fore, since the total noise resistance, using 
that valve, becomes 6,000 ohms, as against 
18,000 ohms m the case of the EF 6 . This 
yields an improvement factor, with respect 


to freedom from noise, of 11.73 

6,000 

On the other hand, in the medium- and 
long-wave ranges circuit impedances are 
much higher, being in the region of 
100,000 ohms, and the preponderance of 
the noise, both with the EF 8 and the 
EF 5, is due to the circuit and not to the 
valve; the EF 8 then generally gives the 
better results. If, for any reason, the 
circuit impedances in these ranges are also 
comparatively low, the EF 8 will still 
ensure greater success. 

In order to avoid an excessive signal 
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in contrast with which that of the EF 5 
is 2.6 mA and, due to this low current, 
the equivalent noise resistance does not 
exceed 3,200 ohms. 

The corresponding value in the EF 5 is 
15,000 ohms, which means that the EF 8 
is five times better from the aspect oi 
freedom from background noise. 

At the same time, the valve, as such, is 
not the only source of noise; the circuits 
and resistors connected to the grid are 
also contributory factors and ultimate 
improvement in the signal-to-noise ratio 
18 obtained more especially in certain 
particular cases. For example, if th(‘ 
impedance of the tuned circuit conn(‘cted 
to the grid is, say, 10,(K)0 ohms at 15 m, 
the arrangement ma\ be regarded thus, 
that the noise in the first stage is produced 
by a resistaiK'c of 10,000 -f 3,000 
13,000 ohms; vith the EF 5, the total 
noise resistance would be 10,000 
15,000 25,000 ohms. Now the noist^ 

voltage of a resistanc'e is proportional tt) 
the root of the resistance value, and this 
shows an impro\em(‘nt. m the cast ol 


k3(mA} 



Screen-grid current as a function of the ret n 
voltage, for different values of grid bias, grid J 
connected to the bias of grid 1 































EF 8 


voltage being applied to the frequency- 
changer of a receiver employing R.F. 
amplification, the latter should not be too 
high, a factor of about 10 being quite 
sufficient. When “noisy” valves are used 
successive amplification should be sup¬ 
pressed somewhat to limit the noise, and 
this can be effected by taking a tapping 
from the second R.F. circuit. Conversely, 
if the valve is not noisy the amplification 
preceding the valve may be reduced so 
that also the R.F. valve will have weaker 
signals to handle, this being better from 
the point of view of reducing cross- 
modulation and modulation distortion. 
The signal on the R.F. valve is reduced 
by connecting the grid to a tapping in 
the circuit and this has the effect of 
considerably lessening the background 
noise. 

The noise resistance of the EF 8 increases 



Fig. 9 

Upper diagram. Effective alternating grid voltage 
as a function of the mutual conductance, with 1 % 
cross-modulation; grid 2 connected to control vol¬ 
tage on grid 1. 

Centre diagram. Effective alternating grid voltage 
as a function of the mutual conductance, with 1 % 
modulation hum. 

Lower dia^am. Mutual ponductance S and anode 
current la as a function of the grid bias. 
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Fig. 8 

Upper dtaqram. Effective alternating grid vol¬ 
tage as a function of the mutual conductance, 
with 1 % cross-modulation. Grid 2 connected 
to cathode. 

Centre diagram. Effective alternating grid vol¬ 
tage as a function of the mutual conductance, 
with 1 % modulation hum. 

Lmoer diagram. Mutual conductance and 
anode current la as a function of the grid bias. 

according as the grid becomes more nega¬ 
tive, but as a higher control voltage from 
the A.G.C. corresponds to a stronger 
signal the ratio of signal to noise is never¬ 
theless improved. 

On short waves the impedance values of 
the EF 8 are very good and ensure satis¬ 
factory amplification in this range; as the 
H.F. resistance between anode and grid, 
to earth, as compared with that of the 
ordinary practical circuit is quite high, 
amplification values can be obtained from 
the KF 8 in the short-wave range equal 
to the product of anode impedance and 
mutual conductance. 

Grid 2 may be either connected direct to 
the cathode or it may be included vith 
grid 1 in the automatic gain control 
circuit. In the latter case the control is 
more pronounced, but the cross-modula¬ 
tion curve is then not so good as when 
grid 1 is connected to the cathode: it is 
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thus possible by means of the EF 8 to 
design A.G.C. circuits giving more, or 
less, control^ as required. 

HEATER RATINGS 

Heating: indirect, A.C. or D.C.; series 
or parallel supply. 

Heater voltage .... T/ 6.3 V 
Heater current .... /o - 0.200 A 

CAPACITANCES 
Cflgi <C 0.007 
Cgi = 4.6 ItItV 
C'a - 7.8 wtF 


Fin. 12 

Kquivalent noise resistance as a function of the 
grid bias. The broken line refers to the case 
nhere grid 2 is connected to the control voltage 
on grid 1; the full line is for the grid connected 
to cathode. 


OPERATING DATA: EF 8 employed as R.F, amplifier 
(ga and g 4 connected to cathode). 

Anode voltage. \\ 

Voltage on grid 2.1 

Screen-grid voltage. 

Voltage on grid 4. \\ 

Cathode resistor. 


y« 

250 V 

^ VI 

0 V 

^ r/3 

250 V 

TV. 

0 V 

Ml 

,305 ohms 


Grid bias. 

• • TV. 

—2.5 V *) 

—34 V *) 

— 50 V ») 

Anode current. 

■ . la 

8 mA 

— 

- _ 

Screen-grid current. 


0,2 niA 

— 

— 

Mutual conductance. 

. . 8 

- 1,800;/A 

18//AA^ 

1 //A/V 

Internal resistance. 

. . Jii 

0.45 

^ 10 

> 10 ohms 

Equivalent noise resistance. . 

. . Bfq 

3,200 ohms 

— 

-- 


OPERATING DATA: EF 8 employed as R.F. amplifier 

(ga connected to control voltage on grid 1; g4 connected to cathode). 

Anode voltage. Va 

Screen-grid voltage. 

Voltage on grid 4. Vg^ 


Bk 


(/athode resistor 
Grid bias (grids 1 and 2) 

Anode current. 

Screen-grid current. 

Mutual conductance. 8 

Internal resistance.i?, 

pjquivalent noise resistance. 

') Without control 

*) Mutual conductance reduced to one • hundredth of uncontrolled value 
’) Extreme limit of control. 


250 V 
250 V 
0 V 

265 ohms 


TV, 

- —2.2 V *) 

—22 V*) 

—28 V«) 

la 

8 niA 

— 

— 


0.2 mA 

— 

— 

8 

- 1,800 M A" 

18 /iA/V 

2.5 fiA/V 

Ri 

0.45 

> 10 

> lOMo 

Req 

3,200 ohms 

— 

— 
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MAXIMUM RATINGS 



Anode voltage in cold condition. 

• • • • 1 ao 

max. 550 V 

Anode voltage. 

. . . Va 

max. 300 V 

Anode dissipation. 

. . . )r„ 

max. 2.5 W 

Screen voltage in cold condition. 

r 

• • • • f ffSO 

max. 550 V 

Screen voltage. 

• . . • 1 (73 

max. 300 V 

Screen dissipation. 

. . . HV, 

max. 0.08 W 

Cathode current. 

. ... h- 

max. 12 mA 

Grid voltage at grid current start (Igi -= 

0.3 (UA) yg\ 

max. —1.3 V 

Grid voltage at grid current start (/^.^ - 

-i* 0.3 /iA) Vq2 

max. —1.3 V 

Resistance between grid 1 and cathode. . 

.... J^qik 

max. 3 M ohms 

Resistance between grid 2 and cathode. . 

.... 

max. 3 M ohms 

Resistance between filament and cathode . 

.... 

max. 20,000 ohms 

Voltage between filament and cathode (direct voltage 


or effective value of alternating voltage) 

.... I> 

max. 100 V 



Kiu 13 

Circuit diagram of the EF H used us E.F. amplifier in a Mtiperhef 
reccher with A.(i.(’. on grid 1 only. 



APPLICATIONS 

The application of this valve 
is restricted to the first R.F. 
stage of a receiver. With respect 
to background noise it has 
outstanding properties in the 
short-wave range, as well as 
on medium and long waves. 
The very good cross-modulation 
characteristic, inter alia, is of 
considerable importance. Grid 
3 may be connected direct or, 
))ctter still, via a resistor of 
low value with decouplmg 
capacitor, to the H.T. line. At 
voltages higher than 250 V it 
is necessary to increase the 
grid bias in order to avoid over- 
stc'pping the scheduled maxi¬ 
mum anode dissipation; this 
has the effect of reducing 
slightly the mutual conduct¬ 
ance. Figs 10 and 11 give some 
useful data for this valve, at 
different values of anode and 
scTcen grid voltages. 


Fig. 14 

As Fig. 13 but with A.C.C. on grids 1 and 2. 
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EF 9 Variable-MU R.F. pentode 

This is an R.F. or I.F. variable-mu pentode that can also be used 
as a resistance-coupled A.F. amplifier, with or without control of 
the amount of gam (A.G.C. operating also on the A.F. stage). The 
design of this valve differs from that of the EF 5 in that in place 
of a fixed screen potential the latter is made to vary on an increasing 
bias. Instead of taking the screen voltage from a potential divider 
the screen may be fed via a resistor. Without control the screen 
potential is adjusted, by means of the voltage drop across this resistor, 
to about 100 V. Duo to the application of gain control the screen 
current drops and therefore also the potential difference across ^ 

the resistor; the screen Dmienshins r 
100000 voltage thus rises again 
until, under full control, 
it approaches the value 
of the supply voltage. ^ 

10000 This varying voltage on o 

_ A i-i. 





Fir 3 

lalVQi characteristic using as parameter 
The broken line shows the anode current with 
control applied to the valve, with the screen 
fed through a resistance of 90,000 ohms from 
a supply voltage of 250 V. 


the screen is referred tb^ 
as “self-adjusting” or 
“sliding” screen voltage. 

The advantage of using 
a screen-grid series re¬ 
sistor is to be found in 
the fact that, assuming 
roughly equal cross-mo¬ 
dulation conditions, the 
anode current without 
control is lower and 
the mutual conductance 
higher than in a valv(» 
with fixed screen vol¬ 
tage. For example, the 
anode current of the 
EF 9, at —2.5 V and 
100 V screen, in the 
uncontrolled condition 
is 6 mA and the mutual conductance 
2.2 mA/V, whereas in the case of the EF 5, 




17 soy 


Fig. 2 

Arrangement of 
electrodes and 
base connections 


at 




3 V and = 100 V, the 


anode current is 8 mA and the mutual 
conductance 1.7 mA/V. 

When the screen voltage rises the la/^gi 
characteristic is displaced to the left and, if the curve has a short “tail” when the 
valve is in the uncontrolled condition, this wOl steadily increase in size as the screen 
voltage rises: the logarithmic IJVgi characteristics with respect to different screen 
potentials shown in Fig. 3 will confirm this fact. Arising from these circumstances 
it may be said that, although the /«/ Vgi characteristic for the imoontroUed valve has 
only a short tail, the cross-modulation properties during the time that control is 
applied are considerably better than if the screen voltage were constant. 

On a supply voltage of 250 V the screen-grid series resistor must be 90,000 ohms in order 
to obtain 100 V on the screen without control. As there is a different screen voltage for 
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10000 


1000 


I Iff 4 


Mutual (Hmdu(taiioe as a lunrtiun ul the ffrul 
bias, Mith Fj/i as parameter The broken line 
represents the mutual eonductanie of the valve 
when under control, with a screen-grid series 
resistor of 90,000 ohms and a supply voltage 
of 250 V. 


every value of the grid bias, the anode 
current plotted against grid bias is shown 
by a broken line. An alternating grid 
voltage does not affect the screen voltage, 
since the screen is decoupled with a 
capacitor and in this case the anode 
current varies in accordance with the 
^a! Vgi characteristic relating to the 
appropriate grid bias. 

According to Fig. 3, the screen voltage 
at 12.5 V bias is 175 V, so that at this 
bias value the la/ Vq^ characteristic 
refers to Vg^ — 175 V. 

On other supply voltages the screen-grid 
resistor must be adjusted accordingly 
and the control curve is thereby slightly 
modified; for instance on a 200 V supply 
(as in A.O./D.C. sets) 60,000 ohms will 
be required to produce 110 V screen 
voltage w ithout control. The anode voltage 
will then fall rather more rapidly. On a 
supply of 100 V, however, the sliding 
screen voltage no longer functions and 
-fjwMthe valve has therefore to be used with 
a fixed screen potential. In this case the 
la/ygi chaiactenstic for “100 V 


shown in Fig. 3 applies. If a potential 
divider is used for feeding the screen it 
is possible to obtain a more rapid control- 
hng effect than with fixed screen potential 
by a judicious arrangement of the resistance values in the network, but it should 
be borne in mind that the cross-modulation characteristic is then not quite so good. 
By means of the Igz/Vg^ curves in Fig. 10 the various values can be determined for 
each particular case in advance. 

A suitable choice of control curve will also guarantee excellent modulation-hum 
characteristics, this being of especial importance when deaUng with A.C./D.C. mains 
receivers. 

A special feature of the EF 9 is the very low interelectrode capacitance; the anodc-to- 
grid capacitance is less than 0.002 fifiY and the valve therefore gives very good results 
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Fig. 5 

Theoretical circuit diagram of an I.F. valve employing the principle of the 
“sliding” screen voltage. 
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taffp as a function of the mutual conductance, 
v^Ith 1 % crosB-inodulation; screen fed via 
a resistor of 90,000 ohms from 250 V supply. 
Centre diagram. Effective alternating grid vol¬ 
tage as a function of the mutual conductance, 
with 1 % modulation hum. 

Lower diagram Mutual conductance S and 
anode current Ja as a function of the grid bias. 


imiM 



Fig. 7 

X'p'per diagram Effective alternating grid vol¬ 
tage as a function of the mutual conductance 
with 1 % cross-modulation; screen grid fed 
via a resistor of 60,000 ohms from a 200 V 
supply. 

Centre diagram Effective alternating grid vol¬ 
tage as a function of the mutual conductance, 
with 1 % modulation hum. 

Lower diagram. Mutual conductance S and 
anode current la as a function of the grid bias. 


in the short-wave range. Although in this range the magnification of the circuits 
is usually only fair, the EF 9 will ensure a high degree of amplification. 

As already mentioned, the EF 9 can also be employed as a resistance-coupled A.F, 
amplifier; by applying a control voltage to the grid the amplifier may be so regulated 
that the performance of the A.G.(\ of the receiver is enhanced by the A.F. stage. 
The relevant data will be found in the table on page 276. 


HEATER RATINGS 

Heating: indirect, A.C. or D.C., series or parallel supply. 

Heater voltage.1/ — 6.3 V 

Heater current. . . Ij ^ 0.200 A 


CAPACITANCES 

^agi < 0.002 fXfiF 

Cyi = 6.6 /ijwP 

Cq = 7.2 fifjiF 
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'■ Fl(t. 8 

Upper diagram. Effective alternating jksid vol¬ 
tage as a function of the mutual conductance 
with 1 % cross-modulation, at Va « 100 V, 
r(7, » 100 V (fixed). 

Centre diagram. Effective alternating grid vol¬ 
tage as a function nf the mutual conductance 
Mlth 1 ^ modulation hum. 

Lower dvpgram. Mutual conductance S and 
anode current la as a function of the grid bias. 


OPERATING DATA: EF 9 used 
as R.F. or I.F. amplifier 


Anode voltage.250 V , 

Suppressor grid voltage.^. . . . 1 jya 0 V 

Screen-grid series resistor.90,000 ohms 

C^athode resistor.* . . - 325 ohms 

Grid bias. Vg^ -- —2.5 V —39 V *) —49 V ») 

Screen voltage.- 100 V — 250 V 

Anode current. 1^ — 6 mA — —. 

Screen current. *. Jg 2 = l.l inA — — 

Mutual conductance. 8 — 2,200 22 4.5 fiA/V 

Internal resistance.- 1.25 >10 > 10 M ohms 

Anode voltage. Va ^ 200 V * 

Suppressor grid voltage . . .1^.3 r 0 V 

Screen-grid series resistor. l^gt — 60,000 ohms 

C>athode resistor. Bje - 325 ohms 

Grid bias.‘.~ —2.5 V ») —32 V *) —39 V ») 

Screen voltage. ~~ 400 V — 200 V 

4node current. ' Ja - 6 mA —* — 

Screen current.7^2 -- 1.7 mA — , — 

Mutual conductance. 8 2,200 22 , 5.5 fiAfV 

Internal resistance. Bi - 0.9 * >10 > 10 M ohms 

Anode voltage.. Va - 100 V 

Suppressor-grid voltage. Vya ^ 0 V ' . 

Screen-grid voltage. Vg^ ~ 100 

Cathode resistor. ' • ^ 325 ohms 

Grid bias.Fyx - —2.5 V i) 16 V «) —19V^) 

Anode current.7^ =6 mA — — 

Screen current.7^^ = 1.7 mA — — 

Mutual conductance. 8 2,200 22 7 ^uA/V * 

Internal resistance.7?i- 0.4 * > 10 ' > lO^JM ohms 


Without control. *) Mutual conductance reduced to one^hundredtln of uncontrolled value. *) Extreme 
limit of control range. 
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Anode current as a function 
of the anode voltage at dlfler- 
ent values of the ^jnd bias, 
\^ltH n fixed screen voltage ot 
100 V. 


- 
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MAXIMUM RATINGS 

Anode \oltago in cold condition 
Anode voltage 
Anode dissipation 
Screen voltage in cold condition 
Screen voltage at (5 niA . 

Screen voltage at la ‘1 inA 
Screcn-gnd dissipation 
Cathode current .... 

Grid voltage at grid current stait (/^i 0.8 ^A) 

Resistance between grid and cathode. 

Resistance between filament and cathode. 

Voltage between filament and cathode (direct voltage 
or effective value of alternating voltagel 


— max. .5.50 V 

— max. 300 V 
^ max. 2 W 

— max. 650 V 
- max. 125 V 

~ max. 300 V 
max. 0.3 W 

— max. 10 mA 
“ max. —1.3 V 

max. 3 M ohms 
-= max. 20-000 ohms 

= max. 100 V 



For data referring to 
the use of the valve as 
a resistance-coupled 
A. F. amplifier see 
Table on p. (272). 

The EF 9 is used as 
amplifier valve with ma- 
JOK nually or automatically 

controlled amplification. 
m The heatmg-up time is 

shorter than usual and 
the cathode insulation is 
rated to carry 100 V 
25V direct voltage or effec- 

^ tive value of the altem- 

^ ating voltage; this value 

Screen current as a function of the screen voltage at different values should not be exceeded, 

of the grid bias Those curves also apply as an approximation to anode _ « 

voltages tietween 100 and 250 V. oO 


mm 

BBBB^^ 
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EFMl A.F. Amplifier and electronic indicator 


The EFM 1 combines a variable-mu A.F. amplifier pentode with an 
electronic indicator, the former being the lower of the two assemblies 
in the envelope; a conical fluorescent screen, of the type used in 
the EM 1, is mounted above the pentode unit, so as to be visible 
at the top of the envelope. The cathode extends into the space 
formed by the fluorescent screen and is screened off, so that the light 
emitted hy the cathode will not be visible; this screen is supported 
on two rods, arranged in such a manner that they are invisible from 
the outside. Between the cathode and the screen, a grid and two 



deflectors are mounted; the grid is wound without backbones and ^ 

is supi)orted only at the ends. A space charge thus occurs in front Dlji unions in jjnn 


of the grid and this promotes a more uniform flow’ of electrons to the 
fluorescent screen. Further, on very w^eak signals, when the 
fluorescing areas are only small, the electron stream is thus confined 
to a relatively small working area of the screen. The two defl(‘ctor 
rods are connected to tlu* screen grid of the pentode unit and two 
fluor('S(*ent spots appear on the screen. 

The jK^ntode section is designed on the sliding screen-volt age prin¬ 



ciple, the screen, therefort*, being fed through a resistor. When th( 

A.G.(\ voltage is applied to the grid the screen curnait drops and l<,g3,gL 
the voltage on the screen, and therefore also on the deflectors, ^ 

increases. The fluorescent screen being connected din‘ctly to the 
supply voltage, the difference between the potential of tlu‘ deflector \ 

electrodes and that of ib(‘ fluorescent screen decreases, as also the g 

dc'flecting effect of the two electrodes, in consequence of wliich th(‘ 


S(itm Uf(iA) 



60 ‘SO -30 -20 -iO 0 -50 -AO -30 -20 -10 0 

VyliV) 


FiK. 3 

Itiqht-kand diagram. Anode current as a function of the grid bias, wilh 
screen voltage as parameter. These curves relate to an anode voltage ol 
150 V. The broken line represents the dynamic characteristic at Vb — 
250 V, llgt = 0.35 M Ohm and lla = 0.13 M Ohm. 

Left-hand diagram. Mutual conductance as a function of the grid bias, 
with screen voltage as parameter. These curves are in respect of an anode 
voltage of 150 V. The broken line refers to the mutual conductance as a 
function of the grid bias, using a screen-grid resistor of 0.35 M Ohm 
and an anode resistor,of 0.13 M Ohm, both on a 250 V supply. 


Fig. 2 

Aiiaugtment 
eb'ctrodes ami 

base cl)llnc^‘tum'^. 

fliK i(‘HCL‘iit areas an‘ in¬ 
creased and the dark 
sections decreased in 
si/.(‘. As the screen grid 
IS decoupled by’ a ca¬ 
pacitor, it is possible 
simultaneously to apply 
A.F. voltages to the 
grid, without affecting 
the size of the luminous 
sectors. The anode cir¬ 
cuit may be resistance- 
coupled to the next valve 
for further amplification 
of the A.F. signal. 

To produce the desired 
indication of the cor¬ 
rect receiver tunmg, 
the direct voltage from 
the detector diode, or 
the A.G.C. control vol- 
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tage is applied to 
the grid. When a 
strong signal arrives 
at the diode the grid 
of the EFM 1 is ren¬ 
dered strongly nega¬ 
tive and the ampli¬ 
fication is reduced, 
which means, of 
course, that the A.F. 
amplification stage 
is included in the 
A.G.C. 

This combination of 
electronic indicator 
•gjir/ and A.F. pentode 

4 thus virtually auto- 

bcreen-grid current as a function of the screen voltage, with grid , 

bias as parameter, resistance-lino for iiiy, = 350,000 ohms. matically mmisnes a 

variable-mu A.F. 

amplifier, and a pentode of this type must necessarily meet the requirement that 
distortion shall remain low throughout the whole range of control. The pentode 
part of the EFM 1 is designed to give an amplification factor of about 60 with an 
anode resistor of 130,000 ohms and a screen series resistor of 350,000 ohms, with 
—2 V grid bias. By increasing the bias from —2 to —20 V the amplification is 
reduced from 60 to roughly 13, giving a control of 1: 4.5, and this extra amount of 
control can be put to good use where effective automatic gain control is required. 

The above variation in grid bias just corresponds to the full deflection of the fluorescent 
bands and the construction of the screen grid is such as to ensure a constant anode 
current over the whole of the range. The amount of distortion is therefore also 
fairly constant and, at the same time, w'ell within the ordinary practical limits. 
In order to suppress distortion, a fairly high control voltage is needed for the 
amplifier section of the valve, so that per degree of deflection in the indicator a 
greater voltage variation 


must be established on 
the grid of the EFM 1 
than is the case with, 
sav, the tuning indica¬ 
tor EM 1. 

The use of the combined 
amplifier — indicator 
makes it possible to 
reduce the total number 
of valves required for 
many different types of 
radio receiver, without 
dispensing with electro¬ 
nic indication, or reduc¬ 
ing the sensitivity. As 
this valve is necessarily 
a compromise, however, 
it must not be expected 
that it will give results 
in everyway comparable 
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Fig. 5 

Distortion as a function of the grid bias, with alternating output 
voltage as parameter, at itg, » 850,000 ohms, Ra « 130,000 ohms 
and Vb — 250 V: elso shadow angle a as a function of the grid bias. 























EFM 1 



with those of an A.F. amplifier with sepa¬ 
rate indicator. 

The EFM 1 has no diodes for detection and 
will therefore be frequently used in conjunc¬ 
tion with the double-diode I.F. pentode EBF 
2; it can also be employed successfully with 
a separate diode such as the EAB 1 or EB 4. 


Fig. 6 

Circuit diagram illustrating 
the symbols used Ih the rele¬ 
vant data. 



Sketch of the fluorescent screen, showing 
the light and dark sectors. 


HEATER RATINGS 

Heating: indirect, A.(\ or D.C., series or parallel supply. 

Heater voltage.Fy = 6.3 V 

Heater current. h ~ 0.200 A 


OPERATING DATA 


Supply and fluorescent screen voltage. 

Anode resistor. 

Screen-grid series resistor. 

Cathode resistor. ... 

Grid bias in uncontrolled condition. 

Grid bias with full control. 

Anode current. 

Screen-grid current. 

Current on fluor. screen. 

Screen-grid voltage. 

Anode voltage. 

Voltage gain. 

Distortion at 6V (eff) A.C. anode. 

Shadow angle of single sector, measured at edge 
of screen. 


rfc=r/ = 


250 V 

Ra - 

130 

,000 ohms 

^gi 

350 

,000 ohms 

lik 


980 ohms 

- 


— 

-- 

— 

—20 V 


0.8 mA 

0.6 mA 


0.6 mA 

0.2 mA 

h 

0.65 mA 0.8 mA 

^ gz ~ 

40 V 

180 V 

Va 

146 V 

185 V 

1 o/^ i 

60 

13 

dtot 

2% 

1.7% 

OL > 

o 

o 

< 5^* 


MAXIMUM RATINGS 

Anode voltage in cold condition 
Anode voltage. 

88 


Vao = max. 650 V 
Va = max. 300 V 
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Anode dissipation *. 

Wa 

— max. 

0.4 W 

Screen-grid voltage in cold condition. 

Vm 

— max. 

550 V 

Screen-grid voltage.. 


- max. 

300 V 

Screen-grid dissipation. 

Wj, 

max. 

0.4 W 

Voltage on fluorescent screen tn cold condition . . 

Vlo 

- max. 

560 V 

Voltage on fluorescent screen. 

Vi 

max. 

300 V 

Voltage on fluorescent screen. 

Vi 

- min. 

200 V 

Cathode current. 

h 

max. 

5 mA 

Grid voltage at grid current start {Igi ^ -f 0.3 fik) 


- max. 

—1.3 V 

Screen-grid current under same conditions .... 

^92 

- min. 

0.53 mA 

Resistance between grid and cathode. 

^gik 

— max. 

3 M ohms 

Resistance between filament and cathode. 


max. 

20,000 ohms 

Voltage between filament and cathode (direct voltage 



or effective value of A.C. voltage). 

yfic 

max. 

100 V 


APPLICATIONS 

The EFM 1 can be used only as 
an A.F. amplifier combined with 
an electronic indicator, and Fig. 8 
shows the theoretical circuit of 
the valve in conjunction with 
a preceding, detector, valve. The 
R.F. signal from the diode resistor 
Ry is fed through a capacitor 
to the grid of the EFM 1 and the 
negative D.C. voltage across the 
grid leak is fed from A, by way 
of resistors iJj and i? 3 , also to 
this grid. Resistor and capa¬ 
citor Cl make up a smoothing filter for the A.F. voltage occurring across the diode 
resistor, to ensure that only direct voltage reaches the grid of the EFM 1 along 
this path. i ?3 is the grid leak. 

The negative D.C. voltage for the control of the EFM 1 is usually taken from the 
detector diode; it can be derived also from the A.G.C. diode, but in the case of delayed 
automatic gain control the cathode-ray indication, on signals of the strength loss 
than that of the delay voltage, will then not function. 

In view of possible microphony, the A. F. sensitivity at the grid of the EFM 1 should 
not be too great and care should be taken when mounting the valve itself that no 
trouble can occur through acoustic vibration. If a steep-slope output valve such as 
the EL 3 is used in the next stage, it is advisable to reduce the sensitivity by applying 
sufficient negative feed-back. To prevent hum, the direct voltage applied to the anode 
coupling resistor must in every case be smoothed by an R.C. filter, but no allowance 
has been made for this filter in the data and characteristics, smce these will depend 
on each individual case and will also differ according to the supply voltage employed. 
Practical applications of the EFM 1 are confined to two possibilities. One is the 
improvement of the A.G.C. of a receiver, by virtue of the fact that the control voltage 
applied to the grid is also operative on the EFM 1. As already stated, the A.F. gain in 
the case of a liigh-mutual-conductance output valve may be reduced by means of 
negative feed-back; if the cathode capacitor of the EL 3 be omitted, the negative 
feed-back factor will be about 2 V 2 » hut this does not represent a sufficient reduction 
in the sensitivity and the only alternatives are to use a higher value of cathode resistor 
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for the output valve, or to reduce the gain of the EFM 1 in the unoiQ^trolled 
condition. To ensure the proper amount of grid bias the grid of the EL 3 should, 
in the first instance, be connected to a tapping on the cathode resistor; a valu 0 of 
500 ohms for the latter gives a feed-back factor of about 472 and will ensure sufficient 
reduction in the sensitivity. Naturally, however, this amount of feed-back is obtained 
at the expense of the optimum output power; with a resistor of Rje ~ 500 ohms, 
the maximum obtainable output is not more than about 3.3 W and for this reason 
pR'ference is usually given to a reduction in the amplification of the EFM 1. This can 
also be achieved by using a higher value for the cathode resistor, but it will result 
in a smaller variation in the shadow angle of the indicator (see also Fig. 5). A cathode 
resistor of, say, 2,000 ohms provides a bias of about —4 V; the corresponding 
amplification factor is then 40 instt^ad of 60 and the range of deflection of the indicator 
is thereby reduced from 5—75° to 5—65°. 

Another method consists in the use of a lower anode coupling resistor than the 
value of 130,000 ohms suggested; a smoothing resistor is then connected in series 
\^ith it to bring the value up to 130,000 ohms, or the appropriate higher value in the 
case of higher supply voltages. 

One result of the limited feed-back when using high-mutual-conductance output 
valves (ELS or EL 6) is that the A.F. sensitivity is still quite high. As the reader will be 
aware, the strength of the I.F. signal to be applied to the detector diode and, therefore, 
also the delay voltage for the A.G.C. is determined by the amount of A.F. gain. When 
the A.F. sensitivity is high it is not necessary to have a large signal strength at the 
detector and this leaves only small voltages available for controlling the EKM 1; 
this means, in effect, that the dark sectors will be reduced only on very weak signals, 
or that the electronic indicator will be relatively insensitive. 

A still greater reduction in the A.F. sensitivity than by means of simple feed-back in 
a steep-slope output valve may be obtained by means of a valve having low A.F. 
sensitivity, such as the triode AD 1, in which case the sensitivity of the indicator 
will be greatly improved. 

Notwithstanding the higher alternating output voltage of the EFM 1 necessary to 
load fully the AD 1, the distortion is extremely slight; on an average, the distortion 
from the combination of EFM 1 + AD 1 is less than in the AD 1 alone, this being 
due to the compensation of the second harmonics. 

The second course open in the application of the EFM 1 consists in shifting the point 
of equilibrium of the sensitivity of the indicator unit in such a way that it will contribute 
less towards the A.G.C. In this case a higher D.C. voltage is required at the detector 
and therefore also a stronger I.F. signal, with less A.F. amplification; the latter may 
be reduced by means of strong negative feed-back. Since negative feed-back produced 
by the omission of the cathode capacitor from the output valve results in a consider¬ 
able loss of output power, it is necessary to feed back from the loudspeaker to the 
grid of the EFM 1. Voltage feed-back to the EFM 1 has the advantage that the A.F. 
gain can be reduced at will by increasing the amount of coupling, whilst, further, the 
internal resistance of the output stage is reduced instead of increased, as in the case 
of current-coupling by omission of the cathode capacitor. In this way it is possible 
to include in the feed-back circuit components which are dependcuit on the frequency, 
so as to improve the frequency characteristic. 

The object of this voltage feed-back, then, is to stabilize the amount of gain, but a 
great part of the A.F. gain control is thereby lost. On a strong carrier wave the EFM 1 
can be fully controlled, in which case the amplification is lower and the negative feed¬ 
back weaker; there is also less distortion. 
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COMBINATION OF EFM 1 and EBF 2 

When tho EFM 1 is used as L.F. amplifier the KBF 2 will often selected to a^rve 
as J.F. amplifier and detector, and this arrangement opens two possibilitijess 

1 ) EFM 1 as A.F. ainplitier with weak negative feed-back on the output vklv(T; tiie 
electronic indicator is then more or less insensitive. 

2 ) EFM I as A.F. amplifier with strong feed-back from the loudspeaker to this valve. 
It has already bf‘en mentioned thi^t the A.F. gain must be on the low side if a good 
tuning indication is to be obtained; in this case the delay voltage should be somewhat 

higher (5 to 6 V). The 
most suitable circuit is 
shown in the diagram of 
Fig. 9; the cathode vol¬ 
tage of the EBF 2 is 
5—6 V and the cathode 
of the EFM 1 is connect¬ 
ed to that of the EBF 2 
through a resistor 



FIk. « 

(’ircuit uiagram shouing the Ul'M 1 used In conjunction \uth the LliF 2 
\%ith nesrative feed-back to the former. 


which supplies the grid 
bias for the EFM 1. 
This resistor is not eapa- 
citively decoupled and 
it serves also as part 
of the potential divider 
for the negative feed¬ 
back. 

When the EFISI 1 is employed with negative feed-back the delay voltage from the 
A.C5.(\ must be higher than the normal cathode voltage of the EBF 2 (2 V), firstly 
in order to load fully tlie output valve and secondly so as not to limit the operation 
of the electronic indicator on weak signals. For, if the A.G.C. comes into operation 
before the output valve is fully loaded the direct voltage on the detector, for the same 
signal, is restricted and the s^uisitivity of the indicator reduced. A delay of 5 to 6 V 
IS in most cases sufficient. 

One complication to be taken into account is as follow s. If efforts are directed towards 
less A.F. amplification, not liy means of negative feed-back, but by using an output 
stage of low^er sensitivity (e.g., the AD 1), the increased control on the EFM 1 will 
mean that the total A.F. gain on increasing signal strengths will again be reduced. 
In consequence, a very much stronger signal is needed at the detector to load fully 
the output valve on strong incoming signals than would be the case if the A.F. control 
were compensated by the negative feed-back, i.e., the delay voltage of the A.G.C. 
should be higher than the value suggested, and this in turn introduces still greater 
obstacles in the control of the EBF 2. It w ill therefore be appreciated that the use of 
negative feed-back is mucli to be preferred in reducing the A.F. gain subsequent 
to the detector stage. 
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EH 2 Heplod. 


A 


This pentagrid valve can be employed very successfully on very fnsx32 
short wavelengths as a controlled modulator in conjunction with a 
separate oscillator, and also as R.F. or I.F. amplifier with limited 
control range. 

The action of this valve is similar to that of a hexode in that, \\ hen 
used as modulator, the input signal is applied to the first grid and 
the oscillator signal to the third. The 2nd and 4th grids are screen 
grids having their own separate contacts on the base of the val\e. 

The fifth grid which, regarded superficially, constitutes the main 
point of difference with the earlier type of hexod(‘, is a suppressor j 
grid, whose purpose is to improve the internal resistance and to Dinu nsjon- 
ensure satisfactory performance when the valve is used in A.C./DX\ 
receivers with 100 V on the anode. 

When the EH 2 is employed as frequency-changer a separate oscilla 
tor has many advantages; a triode such as the EBC 3 has an inihal ^ 
mutual conductance (at T"g — 0, S 3.0 mA/V) that will guarantee 9^- 
stability of oscillation also in the short-w'ave range. A variable-nu. S' 
modulator valve should meet the following requirements: 

1) Conversion conductance should be sufficiently high. 

2) Required oscillator voltage* should be as low as possilile. 

3) Currents due to transit-time must not occur. 


o' 

O'. 

*a| 

•;i 



ScliAA^i /tMV 



10 OMM 15 20 


Fig. 3 

Conversion conductance, internal resistance and OBcillator-grid 
current as a function of the oscillator voltage on grid .3, at 250 V 
anode, 100 V screen and -3 v Idas on grid 1. 


/ / 

'g4 g2 

L_? ^' 


J’lK 

Arranginient of 
electrodes and 
base connections. 


4) Parallel iiijait imjx*dance 
should K'main as high as pos¬ 
sible, down to the very short(*8l 
wavelengths. 

5) A satisfactory compromise 
lietween the least possible back¬ 
ground noise, narrow' range of 
bias for full control of the 
valve and also least possibh* 
cross-modulation. 

0) Negligible frequency drift 
aiising from the automatic gain 
control or from mains voltage 
\ ariations. 

7) Least possible coupling be¬ 
tween input and oscillator 
circuits (inductive effect). 
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FiK 4 

Con>ei8lon conductance internal resistance 
and oscillator current as a function of the os¬ 
cillator voltage on grid 3, with 250 V anode, 
80 V screen and -2 V bias on grid 2. 


conversion conductance as a function of 
the oscillator voltage and these figures 
show that the values at very much lower 
oscillator voltages are still quite reason¬ 
able. This is important for short-wave 
reception. 

3) The question of transit time current 
has also been satisfactorily dealt with. 
The electrons encounter a certain amount 
of delay in the field between grids 2 and 
3, but at very high frequencies some of 
them, as a result of the alternating field 
produced by the oscillator voltage on 
grid 3, acquire so much kinetic energy 
that, despite the negative bias on grid 1, 


Fig. 6 

Upper dioffram. EH 2 used as a frequency changer. 
Alternating input voltage as a function of the 
conversion conductance as controlled by the bias 
on grid 1, with 6 % cross-modulation. 

Centre diaqram. Alternating input voltage as a 
function of the conversion conductance as controlled 
by the bias on grid 1, with 4 % modulation hum. 
/yOM’cr diagram. Conversion conductance and anode 
current as a function of the bias on grid 1. 


1 ) In the EH 2 the required con¬ 
version conductance is ensured by 
the high conductance of the 1st 
grid' with respect to the ai^ode 
current (when using this valve as 
a straight amplifier and at F,. = 0). 
This conductance is 1.8 mA/V. 

2) With regard to the required 
oscillator voltage, the characteris¬ 
tic of the conductance of the first 
grid in relation to the anode cur¬ 
rent, as a function of the voltage 
on the 3rd grid, is the deciding 
factor. The more steeply this 
characteristic drops when the bias 
on the 3rd grid ( Vg^) is increased, 
the lower the peak oscillator vol¬ 
tage on the grid. Due to the parti¬ 
cular construction of the first grid, 
this conductance is so high that 
when grids 2 and 4 are given a 
potential of 100 V the oscillator 
voltage necessary for the normal 
conversion conductance is approxi¬ 
mately 14 Ve^, which can be 
supplied by any ordinary oscilla¬ 
tor. Figs 3 and 4 reproduce the 
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JUt9§ 


they return in the direction of this grid; 
this will take place when the period ol 
the alternating field corresponds in order 
of size to that of the transit time required 
by the electron between these grids. 
This transit time is reduced by making 
the space between grids 3 and 2 small, 
but normally this procedure has an ad¬ 
verse effect on other properties of a 
heptode and in tliis respect the EH 2 
represents the best possible compromise'. 

4) The parallel input impedance in thc' 
short-w^ave range shows a considerable' 
improvement over other types, by reason 
of the very smaU spacing of grj - k anel 
(Ji-Ov At 15 metres and on a signal 
frequency of 500 kc/s above the oscillator 
frequency {fogc =” /t 500 ke/s) the 
following values of input impedance anel 
capacitance were obtained by actual 
measurement; 

-ffjnput — 30,000 ohms 
^'input ~ 0.3 /i/iF 

5) In the development of the EH 2 
every effort has been made to keep the' 
nense factor as low as possible, w'hether 
the valve be used as frequency-changer 
or as R.F. amplifier. As will be seen 
from Figs 5 and 6 . the alternating input 
voltage with 6 ”o cross-modulation, when 
under the effect of control, is in eithc'r 
case less than 0.3 Vp/ 7 . 

6 ) When used with a separate oscillator 
valve, the valve has a frequency drift dii(‘ 

to mains voltage flectuations that may be regarded as extremely slight. Tlu* 
drift arising from variations in the mutual conductance is also very small, sinct' this is 
caused by differences in 



EH 2 used as an Jt.F. or I.F. amplifier 
Pppfr diagram Alternating input voltage as a 
function ot the mutual conductance when con¬ 
trolled by a similar bias on grids 1 and 3, vith 
6 % crosB-inodulation. 

Centre diagram. Alternating input voltage as a 
function of the mutual conductance when cor»- 
trolled by the bias on grids 1 and 3, with 4 
modulation hum. 

Loreer diagram. Mutual conductance and anod< 
current as a function of the bias on grids J 
and 3 


th(' capacitance of grid 3 
which in themselves are 
negligible. 

7) The heptode EH 2 
will not produce any 
electrical coupling effects 
between oscillator and 
input grids, because grid 
3 in no way influences 
the electrons in the 
neighbourhood of grid 1 ; 


Fig. 7 

Anode current as a function of 
the voltage on grid 1. EH 2 
used as a frequency-changci 


h(mA) 
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IM 

Fig. 8 

Anode and screen-grid current 
as a function of the voltage 
on grids 1 and 3 when using 
the EH 2 as E.F. or I^F. 
amplifier. 


there is therefore no 
negative capacitance be¬ 
tween grids 1 and 3. 
The normal capacitance 
exists between the elec¬ 
trodes mutually, this 
being about 0.2 ^//F, 
which on very short 
Q waves does result in 
retroaction from the 
oscillator voltage to the 
input circuit, although if the oscillator frequency is taken higher than the input 
frequency this will not affect the performance of the valve. 

HEATER RATINGS 

Heating: indirect, A.C^ or D.C., series or parallel supply. 

Heater voltage. 

Heater current. 

CAPACITANCES 


^a.7i ‘ 

: O.CK)15 



5 

/.;UP 

('a 

11 

mi? 

' g\q^ 

0.2 



OPERATING DATA: Eli 

2 used as 

frequency- changer 



Anode voltage. 




250 


2,->0 V 

Screen-grid voltage .... 


^ f/2’I 


100 


80 V 

Grid leak, oscillator .... 


• ^<73 


0.5 


0.5 M ohm 

Oscillator voltage, grid 3 . 


• 1 osr 


14 


10 Wf, 

Cathode resistor. 


■ Jh 


5.30 


.380 oWs 

Grid bias. 


' ^ VI 

~3 —25 

—2 —20 V 

Anode current 


. la 

1.85 

- 

1.8 

— mA 

Screen current. 

hi'i 

+ A/4 

3.8 

— 

3.5 

— mA 

Conversion conductance . 

. s,. 

400 

< 10 

400 

< 10 fikix 

Internal resistance .... 


• R, 

2 

> 10 

2 

^ 10 M ohms 

OPERATING DATA: EH 

2 used as 

R.F. or 

I.P. amplifier 


Anode voltage. 

. . 

. 


250 


250 V 

Screen-grid voltage .... 

^ 1/2 

- 1« 


100 


80 V 

Cathode resistor. 


• Ri- 


430 


310 ohms 

Grid bias. 

Vn 

- 

—3 —25 

_2 

—20 V 

Anode current. 

. h 

4.2 

— 

4 

— mA 

Screen current. 

Lfi 

+ h* 

-- 2.8 

— 

2.5 

— mA 

Mutual conductance .... 


- 1400 

» < 2 

1400 

< 2 aiA/V 

Internal resistance .... 


. Ri 

- 1 

> 10 

1 

> 10 M ohms 


Vf - 6.3 V 
If - 0.200 A. 
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MAXIMUM RATINGS 


Tao 


-- max. 550 V 

I <11 Uiti ~ 

+ 0.3 11 A) — max. —1.3 V 



- max. 250 V 

I ,8 (-^,8 

+ 0.3 ft A) - max. —1.3 V 

Wa 


- max. 1.5 W 

^gi ^,3 

max. 2,5 M ohms 

^tlio — 

I gto 

- max. 400 V 

h- 

max. 10 mA 

F,. = 


max. 125 V 

lin 

max. 5,000 ohms 

IF,, - 

IF,. 

- max. 0.5 W 

F« 

max. 100 V 


APPLICATIONS 

A) R.F. OR l.F. AMPLIFIER WITH VARIABLE SLOPE 


A potential divider should be given preference for feeding the screen grids (grids 2 
and 4) and the slope is best controlled by applying the same control voltage to both 
grids 1 and 3; if the latter 
grid is controlled by an 
attenuator (potential divi¬ 
der) giving a lower voltage, 
the control range is increas¬ 
ed, but as the cross-modu¬ 
lation characteristic is iden¬ 
tical in both instances this 
arrangement offers no ad¬ 
vantages. 

The metallizing of the enve¬ 
lope is connected to a sepa¬ 
rate contact on the base 
of the valve and, generally 
speaking, this should be 
earthed. I'he usual care 
must be taken with respect 
to the screening of the leads 
and the arrangement of the 
wiring, and the supply lines 
should be decoupled by 
means of filters. Fig. 9 shows the circuit diagram of this valve employed as a variable- 
mu l.F. amplifier. 



Fin. 

Circuit diagram of the EH 2 used as an I F. amplifler, with the same 
control voltage applied to grids 1 and 3. 


B) VARIABLE-MU MODULATOR 

Fig. 10 shows the circuit of the EH 2 used as a modulator, with the EBC 3 as oscillator, 
although the EF 6, connected as a triode, can also be employed for this purpose. 
This circuit will give satisfactory results at wavelengths of 5 m; it is preferable to 
(iouple the tuned oscillator circuit to the anode of the oscillator valve. The* oscillator 
is coupled to grid 3 of the heptode EH 2 through a c*apasitor of 20 to 50 /i/^F, the 
latter being the best value for “all-wave” reception. 

For wavelengths of 5 to 12 metres the oscillator coil may be made from about 4^2 
turns of wire on an inside diameter of approximately 10 mm, not too closely wound 
and without an iron core. Tinned copper wire must not be used for this purpose 
and the leads from the coils to the tuning capacitor should be as short as 
possible. The coupling (joil may also consist of 4^/2 turns of silk-covered wire about 
0.1 mm in diameter, wound directly on the anode-circuit coil. A resistor of 40 ohms in 
series with the grid of the oscillator will prevent over-oscillation at the lower end of 
the wave-range. 

direct voltage or effective value of the alternating voltage. 
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When the EF 6 is used as oscillator the oscillator voltage will be somewhat higher and, 
in the short-wave range, in contrast with octodes such as the EK 2, the oscillator 
frequency should be higher than the input frequency, as is usual on the medium and 
long waves. The other coupling, established by the capacitance between Qx and gi, 
then provides a voltage across the input circuit of the same frequency as the oscillator, 
and the phase of this voltage is such that it tends to augment the conversion ampli- 
iication. In the uncontrolled condition the bias on grid 1 should be —2 V with 80 V 
on screens 2 and 4, or —3 V with 100 V on the screens. The control voltage from 
the A.G.C. is in this case applied only to the first grid. The two screens (2 and 4) 
should be fed from a generously proportioned potential divider. 


Fig. 10 

Circuit diagram of the EH 2 used as frequency-changer with tlie EBC 3 as 
oscillator. 
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EK. !2 OctoJt 


The EK 2 is a six-grid frequency-changer, ^ehiploying the principle 
of electronic mixing; the small dimensions and particular internal 
construction of this valve provide the following advantages: 

1) The electronic coupling effect met with especially on short waves 
is for the greater part counteracted by a capacitor between the first 
and fourth grids, the object of this capacitor being to compensate, 
with a positive capacitance, the apparent negative capacitance pro¬ 
duced by electronic coupling. 

2) Small dimensions and narrow spacing of the electrodes practically 
eliminates transit-time effects in the range of very short waves. 

3) The parallel input resistance between control grid and cathode 
18 very high, even on the very short waves, and its effect on the 
amplification may thei’efoie be ignored. 

4) Background noise, which is proportional to the root of the 
anode current divided by the mutual conductance, is only very 
slight. 

5) The performance of the valve from the point of view^ of absence 
of whistles is extremely good. 

61 Interference due to cross-modulation 
or modulation-distortion w hen control is 
applied to the valve is a minimum. 

7) The internal resistance is moi(‘ than 
1 megohm and permits the use of very 
gCKid quality 1. E. circuits, giving a high 
degree of gain. 

8) Microphony is so slight that it may 
be ignored in the design of a i(‘ci'ivei. 



ItllT 

m. 1 

Dimensions in mm. 


3-f^±Xg6 

5=3 




Fijz. 2 

Arrangement of 
eliTtrodes and 
base connection*). 


HEATER RATINGS 

Heating: indirect;'A.C. or ]).(’., serk's or parallel supply. 

Heater voltage.F/ — 6.3 V 

Heater current.~ 0*200 A 


CAPACITANCES 


Fig. 3 

Construction of the new octodc 
EK 2. The capacitor for the 
compensation of inductive 
effect is shown at 12, 


W4 < 0.07 f4fiF 


— 4.5 fifiF 

\ - 10 

jujuF 


< 0.25 ixfiF 

4 . - 6.0 

Ix/iF 


- 8.8 

Vll/4 “ 

ItfiF 
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OPERATING DATA (for medium- and long-wave operation) 

Anode voltage 

Fa == 100 V 200—250 V 

Screen-grid voltage 

= 50 V .50 V . 

Oscillator-anode voltage 

F„2 - 100 V 200 V 

Oscillator grid leak 

Rg^ — 50,000 ohms ^ .50,000 ohms 

Oscillator voltage, grid 1 

r„8f “ 9 ^eO 15 \eff * 

Oscillator grid current 

Ig^ - 200 M 300 /(A 

Cathode resistor 

R}^ - 570 ohms 490 ohms 

Dias, grid 4 —_ 

~ ~2 V 1) —15 V ") —20 V 3) —2 V ') —15 V ") —20 V ®) 

Anode current 

la - I mA — -- 1 mA - -- — 

Screen-grid current 

As 1“ As ^ 1 — — 1*^ — — 

()aeillator-anode current 

/„a — 1.5 mA — — 2.5 mA — — 

Conversion conductance 


aSV = 550 

5.5 

2 

550 

5.5 2 fiA/y 

Internal resistance 

Ri 1.2 

> 10 

> 10 

2 

: > 10 > 10 M ohms 

Conductance, grid 1 with 

rcsjx'et to grid 2 ( 

0 ) 



Sgiyz 0.3 mA/V — — 0.4 mA/V — 

Direct current, oscillator anode at commencement of oscillation ( Vokc ~~ 0) 
Ig.^ 3.2 mA — — 5.5 mA — 


*) Without control 

*) Conductance reduced to one-hundredth of uncontrolled vaiue 
*) Extreme limit of control 
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OPERATING DATA (for reception on all wavelengths) 


Anode voltage 


F„ 

100 V 



200—250 V 


Screen-grid voltage 

Vs 

Oscillator-anodc voltage 

80 V 



80 V 



100 V 



200 V 


Oscillator grid leak 

Rgx 

Oscillator voltage, grid 1 

16,000 ohms 



50,000 ohms 


^ose = 

Oscillator grid current 

eveff 



9 Yeff 


Cathode resistor 

300 fiA 



200 fiA 


Bf, = 

Bias, grid 4 ^ 

395 ohms 



525 ohms 


V,, -3 V 

“^26 

—40 V») 

VM 


—40 V ») 

Anode current 

la — 2.5 niA 

Scrc‘en-grid current 

— 

— 

1.7 mA 

— 


Jgz “f- /^6 ” 2.8 niA 

Oscillator-anode current 

— 

— 

1.3 mA 

— 

— 

Igz ” 2.3 mA 

Conversion conductance 

— 

— 

4 mA 

— 

— 

Sc -= 550 M/V 

Internal resistance 

5.5 

1 

5(0 

5.5 

1 //A/V 

Ri = 0.65 

> 10 

> 10 

1.4 

>10 > 

10 M ohms 

Conductance grid 1 with 

respect to grid 2 (Vosc 

1 - 0 ) 



^gig2 — 0.35 

— 

— 

0.9 

— 

— mA/V 

Direct current, oscillator anode at commencement of oscillation (Vosc - 

= 0 ) 

lg 2 — 4 mA 

— 

— 

9 mA 




*) Without control •) Conductance reduced to one-hundredth of uncontrolled value •) Extreme limit 
of control *) In view of the possibility of frequency drift, the valve should not be controlled in the 
short-wave range. 


MAXIMUM RATINGS 


Vao ~ max. 550 V 

Wgr 

= max. 1.3 W 

Fa max. 250 V 

Ik 

== max. 12 mA 

Wa = max. 1.0 W 

V (V 

^ -f 0.3 juA) — max. —1.3 V 

F^ 3 ^ 5 (i — max. 550 V 

^gtk 

= max. 2.5 M ohms 

F^ 3 ,r, = max. 125 V 

Xgik 

— max. 100,000 ohms 

If^ 3,5 max. 0.3 W 

Hjk 

== max. 5,000 ohms 

F^ 2 o — max. 550 V 

Vg 2 - max. 225 V 

v 

= max. 100 V 


Direct voltage or effective value of alternating voltage. 
100 



£K 2 


nAMmi 



Fig. 4 

(‘onversion conductance Sc, internal resistance [t% 
and oscillator-grid current igi as a function of the 
oscillator voltage, with Vg^ ^ iiOO V and Vq.,s 
- 60 V. 


Sc(nA/V) If,(MO) 
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Fig 8 

Upper diagram Alternating input voltage as a 
function of the conversion conductance con¬ 
trolled by the bias on grid 4, \Mth 1 % cross- 
modulation 

Centre diagram Alternating input voltage as a 
function of the conversion conductance con¬ 
trolled by the bias on grid 4, Mith 1 % modu¬ 
lation hum 

Lower diagram. Anode current and conversion 
conductance as a function of the bias on grid 4 

The supply for the various electrodes 
should be derived preferably from a high- 
value potential-divider network, although, 
naturally, it is also possible to apply 
the voltages through series resistors of 
sufficiently high value. As the oscillator 
unit functions just as easily without bias 
(i.e. Vyi — 0), the grid leak of the EK 2 
can be connected directly to the cathode. 
A value of 15 Feff for the oscillator 
voltage guarantees efficient working with 
very little back-ground noise and, in the 
medium- and long-wave ranges, this 
value can usually be attained without 
any difficulty. Tt is possible, however, 
that the reaction at 600 metres may need 
to be so tight tliat at 200 metres the 
oscillator voltage would be twice as much 
and this may tend to cause periodical 
interruption of the oscillation (squegging). 


This effect was formerly met with in 
simple types of receiver with reaction, 
manifesting itself as a troublesome varia¬ 
tion in leception, or else a host of 
whistles when the set was being tuned 
to certain stations, this being actually 
due to very rapid cessation and re¬ 
commencement of the oscillation. Squeg¬ 
ging may be prevented by, inter alia, 
reducing the number of turns on the reac¬ 
tion coil; the oscillator voltage at the upper 
end of the wave-range will then certainly 
be slightly lower than normal, but from 
the characteristic of the conversion con¬ 
ductance as a function of the oscillator 
voltage (Fig. 4) it will be seen that at 
about 9 or 10 Veff the slope is even better 
than at 15 Veff. In order to stabilize the 
oscillator voltage throughout the whole 
range a damping resistor is frequently 
connected in parallel with the coupling 
coil. 



FiK 0 

Upper diagram Alternating input voltage as a 
function of the conversion conductance controlled 
by the bias on grid 4, iivith 1 % cross-modulation. 
Centre diagram. Alternating input voltage as a 
function of the conversion conductance with 1 % 
modulation hum. 

Lower diagram. Anode current and conversion 
conductance as a function of the bias on grid 4. 
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£K 2 


Another remedy is to employ lower values of grid capacitor and leak for the osciUator 
section of the valve and this gives excellent results in the short-wave range; satisfactory 
values are about 60 fxixF for the grid capacitor and 60,000 ohms for the leak. Since 
60 fifiF is really too low for good long-wave reception (a value of about 200 to 1000 is 

usually preferred), the value of the grid leak may bo reduced in all-wave receivers, 
instead of using a smaller capacitor, e.g., 10,000 or 16,000 ohms (see also data relevant 
to the latter value). 

At the same time this resistor must not be in parallel with the oscillator circuit, 
as this damps the latter too much; Fig, 11 illustrates the proper arrangement, whilst 
Fig. 12 shows a circuit in which a lower value of grid leak is employed with the 
padding capacitor serving also as grid capacitor; this again results in less damping 
of the oscillator circuit. If the value of the padding capacitor Cp is too low, however, 
damping will still occur and in “all-wave” receivers the circuit depicted in Fig. 13 
is recommended. 

Here a grid leak of 50,000 ohms is used for the broadcast range and 10,000 ohms 
for the short waves. If a padding capacitor Cp is also to be included on short waves 

this will generally 
be of a high value, 
to provide ade¬ 
quate earthing of 
Ci 2 the circuit. 

In the short-wave 
range it is not 
so simple to ob¬ 
tain a sufficiently 
high oscillator 
voltage, and the 
following values 
are recommen¬ 
ded: 

Vg^ - 200 V 
^<73.6 80 V 

Avc " Tills generally 

Fig. 10 23167 oscil- 

Circuit diagram showing the application of the EK 2. lator voltage of 5 

toGVeff, but if the 

magnification of the circuits is very good this potential will be higher. It is not good 
practice to aim at producing extra high voltages for short-wave reception, as the 
tuned input circuit of the octode will then tend to oscillate; an osciUator voltage of 
5 to 6 Veff is quite good and the valve can best be made to operate on this value. 



Frequency drift is especiaUy troub¬ 
lesome in the short-wave range; 
whilst theoretically almost negligi¬ 
ble in the broadcast bands, this 
factor must certainly be taken into 
account in short-wave operation. 
Drift due to mains voltage fluctua¬ 
tions is so slight as to make no 
difference on short-waves; at a 
wavelength of 13 metres it is only 5 
kc/s. On the other hand, frequency 
drift in the 13—50 m band caused 
by variations in the bias on the 



Fig. 11 

Circuit empioylng a low value of grid leak (10,000 ohms). 
The method of measuring the amplitude of the oscillator 
voltage by means of the grid current is also shown. 
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Fig. 12 

Circuit for low value of grid leak, with padding capacitor 
in scries with the coil. 




fourth grid is so great that control f i 

must not be applied in that range. ySV 

If, despite this fact, control is to ai SS 

be employed, it is essential to use | ;55L^ * 

a separate triode as oscillator, / ^ \ L--r S— 

although it is much better to omit E | 

the control from the mixing valve ^ _ ■ \c^ 

and precede the octodo by a 1 ^ S J. 

variable-mu R.F. amplifier pen- M 5 X 

tode, applying the control to that ." '■ * ' ■' 

valve. Without this R.F. amplifier 12 

-i.* ‘j. • xu u ^ Circuit for low value of grid leak, with padding capacitor 

the sensitivity in the short-wave in ^th the coil; 

range is not very high and it is 

therefore sufficient to control the ^ . f ... 1 

I.F. valve only. fg yiv 

Since suppression of the image- K ■■■e y s Sio 

frequency in short-wave reception S—0/ ^ I 
(due to the lower magnification P L—-XS— 

of the R.F. circuits in that range) i I ^ 85 T"^ | 

is more difficult than in the broad- *^5 I — -1 

cast wave-bands, it is advisable in X. .g JL 

receivers for short-wave reception ^Cp g8 I p X 

to employ a high intermediate I— 7^ , - - , 1 - ■ 1 —I 

frequency (450—475 kc/s). which is, Fig. 18 

moreover, advantageous in sup- 

pressing electronic coupling. At reception, 

lower intermediate frequencies it 

is good practice, in order to simplify balancing of th(5 circuits, to detune the input 
stage by about 500 kc/s at the lower end of the wave-range, i.e., to increase the 
difference between the oscillator and input frequencies by 500 kc/s. This has prac¬ 
tically no effect on the sensitivity, but it does facilitate the trimming. In the broadcast 
range the oscillator frequency should be higher than that of the input, or it will not 
be found possible to cover the whole of the range, but on short waves, in view of 
electronic coupling, the situation should be reversed. 

The inclusion of a small compensating capacitor definitely reduces the inductive 
effect but does not entirely eliminate it, since too much 
compensation causes the input circuit to oscillate. In 

the 13—50 m band the padding capacitor is often m P; 1 f; M taj— 

omitted, the difference in frequency being obtained from I 

differences in the s('lf-inductance and trimming capa- ^ . 

citor; the oscillator frequency can therefore be lower 
than the input frequency also in this range. 

The tuned oscillator circuit must be coupled to the first I'iK- 

grid and the reaction coil to the second (oscillator anode). 8ilort*v?ve8*(6*^to'^8^ metrw)^ 
The EK 2 may also be used successfully as a self-oscillat- ^ *urns of 2 mm bare 

ing mixer valve in the 5—13 ni wave-band, but this sTurns^of Vi^.2 *mm ^ enam- 

range cannot be fully covered without the use of copper wire, 

switches. The oscillator can be maintained in oscillation 

only over a small part of this range, for instance from 6 to 8 metres, but for that 
matter it would be difficult to include the whole range of from 5 to 15 m on a single 
scale. Fig. 14 shows the construction of a coil suitable for use between 6 and 8 metres 
and, for the rest, extreme accuracy and simplicity of controls are essential features. 


Fig. 18 

Diagram of Mclllator circuit with low-value grid leak, and 
low-value padding capacitor for medium and long-wave 
reception. 


Fig. 14 

Oscillator coil for use on very 
short waves (6 to 8 metres). 

= 5 turns of 2 mm bare 
copper vire (not tinned). 5, »= 
5 turns of 0.1-0.2 mm enam¬ 
elled copper wire. 
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EK 5 OctoJe 


The EK 3 is an octode frequency-changer the characteristics of which 
show a considerable improvement over those of the EK 2; certain 
forms of interference are here reduced to a minimum by means of 
electronic bunching. 

This valve gives an equally high conversion amplification in the 
short-wave band and in the ordinary broadcast ranges. In comparison 
with other frequency-changers the EK 3 offers many advantages. 
The principle of electronic bunching makes it possible to separate 
the oscillator unit from the mixing section as completely as though 
two separate valves were involved. Four electron bunches are formed, 
two for generating the oscillation and two for the mixing, and the 
two functions are to such an extent independent of each other that 
interaction is practically impossible. Fig. 3 sho^^s a cross-section 
through the system of electrodes, together i^ith the different electron 
streams. The advantages of this 4-channel system are as follows: 

1) Frequency drift caused by mains voltage fluctuations, or variation 
of the bias on grid 4, is extremely slight. 

2) Constant oscillator slope on very short wavelengths. 

The almost perfect screening of the oscillator section of the EK 3 
means that electrons returned to the 4th grid as a result of the con¬ 
trol have no 




effect vhat- k f f 

ever on th(' 

space charge 

and slope of f f 

the oscillator 

unit; frequen- 

cy drift aris- g2 ^ ^ 

ing from con- 

trol on the g1 gJ,g5 
valve is thus 

avoided and ^ ""iw* 

the EK 3 can 

therefore bo Arrangement of 
included in ^electrodes and 
, . connections. 

the A.C.C., 
even on the 
short-wave range. 

This screening of the oscillator 
unit is accompanied by the 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


j’lg. 3 following advantages: 

Cross-section of the system of electrodes in the EK 3, showing the space charge between 

the electron streams The two bunches to left and right serve .j , xu xi. j j 

to generate the oscillation. The oscillator voltage thus occurs gnd 1 and the cathode, and 

on grid 1 and the two streams flowing upwards and downwards between ^rids 2 and 1 does not 

are modulated by this voltage. The oscillator section is sur- xi. t_- * ‘j .i 

rounded by a screen having in it two slots through which the vary when the bias on grid 4 

bunches of electrons are directed; this screen is maintained at a jg altered. 

positive potential and functions as a third octode grid. Electrons , . j x r 

teaving the oscillator section are deflected to a certain extent b) Ihe mutual conductance Oi 
before they reach the 4th grid. Any electrons that may be gn/j i with resnect to ffrid 2 

repelled back cannot re-enter the oscillator section but return ? ^ x j ^ ^ 

to the screen surrounding the oscillator. IS not aiiected by the bias on 

grid 4. 
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Fig 4 

Details of construction of the 4-chaDncl octode. 


c) The mutual conduc¬ 
tance of grid 4 with 
respect to grid 2 may 
be entirely ignored. In¬ 
terference due to un¬ 
desired coupling be¬ 
tween the input circuit 
and the oscillator is 
thus avoided; coupling 
of this kind will often 
set up an oscillation in 
the input circuit of the 
valve as well as relaxa¬ 
tion oscillations caused 
by frequency drift. 

The oscillator anode con¬ 
sists of two V-shaped 
plates and the electron 
streams directed to¬ 
wards these are held by 
them, variations in the 

direct voltage on grid being prevented from influencing the oscillator unit in any way. 
The short path of the electrons from the cathode to the auxiliary anode plates ensures 
very short transit-times in the oscillator section; this effect is so pronounced that 
the oscillator conductance corresponds to the statically measured slope, even at 
very short wavelengths. 

The static conductance of grid 1 with respect to grid 2 is extremely high, being 4 mA/V 
at the threshold of oscillation, for which reason the coupling of the components in 
the oscillatory circuit may be fairly loose; the valve capacitances then only play 
a very small part in the detuning of the oscillator frequency. Measures have been 
taken in the design of the valve to reduce the inductive effect (electronic coupling 
between grids 1 and 4) and the amount of interference met with under this head is 

extremely small. A 
I capacitor in series 
with a resistor is 
connected between 
grids 1 and 4, the 
function of the re¬ 
sistor being to make 
the phase angle of 
the alternating volt¬ 
age, as applied to 
grid 4 through the 
capacitor, exactly 
equal to that of the 
induced voltage aris¬ 
ing from the transit 
time of the electrons 
passing from grid 1 
to grid 4; the con¬ 
version amplification 
at the lower end of 
the different wave- 



^00 


Fig. 6 

Conversion of the 4th grid as a function of the direct voltage 
on grid 1. 
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FiK. 0 

Internal resistance, conver&iou conductance 
and oscillator-grid current as a function of 
the oscillator voltage when a grid leak of 
50,000 ohms is used. 

ance curve and the amplification of the 
sidebands is not uniform; the resultant 
asymmetry tends to cause considerable 
distortion in the detector. 

In the EK 3 such capacitive variations 
are very small, namely only 0.2 and 
the consequent detuning effect is only 
slight, in any case within the limits for 
the normal broadcast bands. 

If a better cross-modulation characteristic 
is required it should be noted that the 
conductance of the EK 3 drops less 
sharply when a control voltage is applied 
to the 4th grid. 

The high conductance of the oscillator 
unit and increased conversion conductance 
necessitate a high power cathode and the 
heater current is accordingly well above 
200 mA, being actually 0.6 A; this valve 
cannot therefore be used in A.C./D.C. 
receivers, for which purpose a special 
valve with a 200 mA filament for series 
operation has been developed. 
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ranges is hardly influenced at all by the 
effect in question. 

The input impedance of the EK 3 in the 
short-wave bands is very high in com¬ 
parison with the impedance of the normal 
receiver circuit, and its effect on the 
amplification may therefore be ignored. 
At a wavelength of 14 metres the impe¬ 
dance is about 60,000 ohms. The input 
capacitance is different for every value of 
control voltage applied to the grid, 
because variations are produced in the 
density of the space charge in front of 
the grid and these variations tend to 
detune the circuit coupled to the grid 
and reduce the sensitivity of the receiver. 
Furthermore, the R.F. signal in this case 
does not occur at the contn* of the reson- 



Fig 7 

Vpp(T ihugram Alternating input \oltage as 
u lunetion of tiio i onversion conductance con¬ 
trolled by the bias on grid 4, witli 1 % cross- 
modulation. 

Centre diaqram. Alternating input voltage as a 
function of the conversion conductance con¬ 
trolled by the bias on grid 4, with 1 % modu¬ 
lation hum. 

Lower diagram. Anode current and conversion 
(onductance as a iunctlon of the bias on grid 4. 

































































EK 3 


HEATER RATINGS 

Heating: indirect, A.C., parallel supply. 


Heater voltage. Vf - 6.3 V 

Heater current ..* 0.6 A' 

CAPACITANCES 

('ogA < Cg^g^ - 1.1 /i/iP 

Ca 16-5 = 8.6 fJLfiF 

Cg^ == 14 Cg^ = 15.2 fifiF 


OPERATING DATA: EK 3 employed as a frequency-changer for “all¬ 
wave” reception 


Anode voltage. 

Screen-grid voltage. 

Oscillator-anode voltage. 

Oscillator grid leak. 

Oscillatory voltage, grid 1. 

Oscillator-grid current. 

Cathode resistor. 

Bias, grid 4. 

Anode current. 

Screen-grid current. 

Oscillator-anode current ... ... 

Conversion conductance. 

Internal resistance. 

Mutual conductance, grid 1 with respect 

to grid 2 ( Vo„r - 0). 

Direct current, oscillator anode at threshold 
of oscillation ( —0). 


h 

/SV 

^gig2 


. . Va - 250 V 

. . F,3,5 - 100 V 

. . = 100 V 

. . - 50,000 ohms 

. . Vosc == 12 Veff 

. . Igi - 300 fiA 

, . Rk — 190 ohms 

- —2.5 V 1) —38 V*) —42 V») 

= 2.5 mA — — 

= 5.5 mA — — 

=- 5 mA — — 

- 650 6.5 3 ^A/V 

= 2 >10 > 10 M ohms 

- 4 mA/V — — 

- 18 mA — — 


*) Without control 

•) Conversion conductance reduced to one-hundredth of uncontrolled value 
’) Extreme limit of control 


MAXIMUM RATINGS 


Anode voltage in cold condition. 

r«o 

max. 

550 V 

Anode voltage. 

y« 

— max. 

300 V 

Anode dissipation. 

Wa 

— max. 

1 w 

Screen voltage in cold condition. 

V 

* .<73,50 

— max. 

550 V 

Screen voltage. 

^ fl'S,5 

max. 

150 V 

Screen dissipation. 

Wg,,, 

— max. 

1 w 

Oscill. anode voltage in cold condition .... 

^ <7*0 

— max. 

550 V 

Oscill. anode voltage. 


max. 

150 V 

Oscill. anode dissipation. 


=- max. 

1 W 

Cathode current. 

h 

= max. 

23 mA 

Grid voltage at grid current start = 1 . f 0. 

3 ^A) Vg, 

— max. 

—1.3 V 

Resistance in circuit of grid 4. 


max. 

3 M ohms 

Resistance in circuit of grid 1. 

Jtni- 

— max. 

100.000 ohms 

Resistance between filament and cathode . . . 

Sfk 

- max. 

20,000 ohms 

Voltage between filament and cathode (direct 



voltage or effective value of alternating voltage) 

yjt 

-- max. 

50 V 


109 






























£K 3 


Because of the steep slope of the oscillator section it is not a diificult matter to 
establish and maintain the oscillation; the grid leak can therefore be connected to 
the cathode. The triode unit also oscillates readily and the reaction may with advantage 
be fairly loose; over-oscillation or squegging will then not occur. A grid leak of 
50,000 ohms with a grid capacitor of 50 /i/iF is recommended and will serve for 
all wavelengths. 

In the EK 3 the inductive effect is counteracted by a form of compensation between 
grids 1 and 4 , to which end it is necessary for the oscillator voltage at the lower end 
of the short-wave range to be 12 V (effective), (300 fiA grid current passes through 
the 50,000 ohm grid leak). On other wavelengths the oscillator voltage will, of course, 
be different and the compensation not quite so complete, but outside the short-wave 
range the inductive effect is so slight that it may otherwise be ignored. 

The principle of electron bunching ensures that frequency drift is kept as low as 
possible; only the potential of the 3 rd grid has any effect on the capacitance of the 
first, but this is to be expected, as the former surrounds the latter. If frequency drift 

is to be minimized the voltage 
on the screen ( ^<^ 3 , 5 ) must bt* 
stabilized by means of a poten¬ 
tial divider passing a fairly con¬ 
siderable current; for practical 
purposes, however, there is a 
limit to this stabilization of the 
screen voltage. A useful method 
of eliminating any residual 
frequency drift consists in 
coupling the oscillator circuit 
to the anode circuit of the 
triode. Capacitive variations in 
the 1 st grid then have less 
effect upon the tuning, provided 
that the reaction is not too 
tight, since the grid capacitance 
IS induced in the oscillator 
circuit by way of this coil. 
This demonstrates clearly th(‘ 
importance of the high mutual 
conductance of this valve, since the coupling may be made extremely loose. 

The circuit to be recommended from the point of view of frequency drift is that 
shown in Fig. 8 , in which the oscillator circuit is not coupled directly to the anode circuit 
but by means of a capacitor of 100 /xpiF, In this way the direct voltage of 100 V 
does not reach the plates of the tuning capacitor. The circuit is a simple one, but 
it has the drawback that it is damped by the feed resistor of 30,000 ohms, whereas 
damping of this circuit is the very thing to be avoided, since: 

1 ) the coupling in the short-wave range should preferably be as loose as possible to 
avoid frequency drift; 

2 ) on long waves extra damping is often provided in series w^ith the padding capacitor 
on medium waves, expressly to prevent parasitic oscillation. In the great majority 
of cases the circuit depicted in Fig. 8 will present no difficulties. 

If a padding capacitor Cp is connected in series with the oscillator coil (on the medium 
and long wave ranges), this should actually be bye-passed by a high value resistor, 
to prevent a direct voltage from occurring across the tuning capacitor C^,. 

Another method of feeding the oscillator anode is shown in Fig. 9, where the voltage 
is applied through the oscillator coil; the padding capacitor then serves simultane- 
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Circuit diagram showing the oscillatory circuit in the osoilla- 
tor-anode circuit of the EK3, with the anode fed through 
a resistor of 30,000 ohms. The oscillator circuit is not 
accessible to the direct voltage 
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ously to block the voltage from the variable capacitor (7®. This circuit also has a 
disadvantage, in that extra contacts are required on the wave-change switch for 
connection to the padding capacitor Cp\ on the other hand, the damping of the 
oscillator circuit is not so heavy as in the circuit in Fig. 8. The latter, in which 6 
turns of wire are used for the reaction coil, grids 3 and 6 being fed through a resistor, 
has given an actual measured frequency-drift value of only 4.6 kc/s at 15 m, this 
measurement being taken with control applied to the 4th grid, of from —2 to —20 V, 
in other words, under extremely adverse conditions. When the voltage for the screen 
is taken from a potential divider the frequency drift is even less. 



capacitor also serves to isolate the variable capacitor CV 
from the direct voltage. 
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EL 2 


Output pento<le 


The EL 2 is an indirectly-heated, 8 W output pentode for use in 
car-radio receivers; the low heater-power consumption makes this 
valve very suitable for this purpose. With an anode and screen 
potential of 260 V, the mutual conductance is 2.8 mA/V at the working 
point. The cathode attains its full working temperature in a very 
short time, namely 18 seconds. The control-grid connection is at 
the top of the envelope. 

HEATER RATINGS 

Heating: Indirect hy battery current; series or parallel supply. 

Heater voltage.F/ — 6.3 V 

Heater current. 1/ 0.2 A 

CAPACITANCES 

Anode to grid 1. Cagi < 0.6 ft/tF 




kf / 


irfm 

f f 



M. 


rig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Anode and screen currt'nt as functions of the erid 
bias for equal anode and screen voltages of 200 V 
and 250 V. 
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OPERATING DATA: EL 2 used as Glass A output valve (single valve) 


Anode voltage. 

Va 

- 200 V 

260 V 

Screen-grid voltage. 

Va. 

= 200 V 

250 V 

Cathode resistor. 

Bi 

= 480 ohms 

485 ohms ' 

Grid bias. 

Vai 

= —14 V 

—18 V 

Anode current. 

la 

== 25 mA 

32 mA 

Screen-grid current. 

lg% 

— 4 mA 

5 mA 

Mutual conductance. 

s 

- 3 mA/V 

2.8 mA/V 

Internal resistance. 

B, 

= 70,000 ohms 70,000 ohms 

Jx)ad resistor. 

Ba 

— 8,000 ohms 

8,000 ohms 

Output with 10‘Jo distortion. 

1% 

= 2.3 W 

3.6 W 

Alternating grid voltage with 10 % distor¬ 
tion . 

Vi 

= 8.5 TVff 

10 Veff 

Alternating grid voltage for 50 mW output . . 

Vi 

= 1 Veff 

0.9 Veff 


OPERATING DATA: EL 2 used as output valve In balanced circuit (2 valves) 


Automatic grid bias 


Anode voltage. Va 

Screen-grid voltage .... . 

Common cathode resistor. 

Anode current (without signal). lao 

Anode current at full modulation. lamax 

Screen current (without signal). Jgzo 

Screen current at full modulation. igimax 

Load resistor between the two anodes . . . Raa 

Output power. Wamar. 

Total distortion at full modulation. dtot 

Alternating grid voltage at full modulation . Vi 


= 200 V 250 V 

= 200 V 250 V 

= 320 ohms 305 ohms 

- 2 X 21 mA 2 X 27.5 mA 

= 2 X 24.5 mA2 x 32.5 mA 
= 3.5 mA 2 X 4.5 mA 

— 2x6 mA 2x8 mA 

= 9,000 ohms 8,000 ohms 
= 5 W 8 W 

-1.6% 1.4% 

^ 14 Veff 17 Vcff 
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EL 2 


OPERATING DATA: EL 2 used as triode (grid 2 connected to anode) 


Anode and screen-grid voltage 

Grid bias. 

Anode current. 

Mutual conductance. 

Internal resistance. 

Amplification factor. 


Va == 250 V 
V,, == -27 V 
la = 15 mA 
S =-1.7 mA/V 
i?t 4,100 ohms 

ju 7 


250 V 
—20 V 
30 mA 
2.6 mA/V 
3,100 ohms 
8 


MAXIMUM RATINGS 


Anode voltage in cold condition. 

Anode voltage. 

Anode dissipation. 

Screen-grid voltage in cold condition. 

Screen-grid voltage. 

Screen-grid dissipation. 

Cathode current. 

Grid voltage at grid current start (ij,, =- -f 0.3 /lA) 
Resistance between grid and cathode with automatic 

bias. 

Resistance between grid and cathode with fixed bias 

Resistance between filament and cathode. 

Voltage between filament and cathode (direct voltage 
or effective value of alternating voltage) .... 


Vao 

= 

max. 550 V 

Va 


max. 250 V 

Wa 

== 

max. 8 W 

Fff20 


max. 550 V 

V,2 

= 

max. 250 V 



max. 1.6 W 

Ik 


max. 45 mA 



max. —1.3 V 

I^gik 


max. 1 M ohm 

I^gik 


max. 0.6 M ohm 

Jifk 

— 

max. 5,000 ohm 

Vfk 

- 

max. 50 V 



Fifi. 8 

Alternating grid voltage and total distortion as a function of the 
output power. EL 2 used as single output valve, with Va = Fg, = 
250 V. 


This valve can be used 
in a single or balanced 
output stage in car radio 
sets. For 12 V batteries 
the heaters of two of 
these valves can be 
connected in series, or, 
alternatively, one EL 2 
may be placed in series 
with another valve in 
the same series, for 
example the EBC 3 or 
EF 6. The cathode must 
be decoupled with re¬ 
spect to the earth line 
through a capacitor of 
at least 2 juF, but an 
even higher capacitor of 
25 or 50 juF is better. 
When used in balanced 
output circuits (two 
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EL 2 



t 26 V) 


W 40 


•75 JO 


SO 20 


valves), the bias 
should preferably be 
^ automatic and the 
EBC 3 or EL 2, 
connected as triode, 
may bo employed as 
driver. Bearing in 
mind the cost of the 
driver transformer 
and the required 
reproduction of low 
andio frequencies, the 
designer will find a 
transformation ratio 
of 1 : (2 + 2) quite 
suitable, but if the 
EL 2 is used, connec¬ 
ted as triode, the ratio 
may be somewhat 
higher. 

Tables I and II fur¬ 
nish particulars of the EL 2 for the single output valve, allowing for the voltage 
drop across the output transformer; the values for output power refer to the 
effective power at the output side of the valve and in this case the transformer 
losses should be deducted. 


9 to 

J962t 

riK. 0 

Anode current, screen current and total distortion as a function of 
the output power for two EL 2 valves in a balanced circuit, with 
automatic grid bias, with Fa — Vgt — 250 V. 


n f n 1 



Fig. 10 

Circuit diagram of the EL 2 as employed for the 
measurements the results of which are given in 
Table I. Loading resistance 
Ua = Rprim + n'JRsec + n'Rl — Rtr -f n*Rl. 
Output power 

Wo *= ia} (Rprim + n^Rsec + n*Rl) 

*= ia* (Rtr -f H*Rl) »= ia*JRa. 

Direct voltage on the anode — Va - Vb-Ta Rprim 
Power loss in output transformer = 

ia* (Rprim + n‘ Raec) * ia* Rtr «= Wo 


Fig. 11 

Circuit diagram of the EL 2 as used for the 
measurements the results of which are given 
in Table II. For the symbols and formulae 
employed see text, Fig. 10 
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EL 2 



Notei In calculating the power loss due to the resistance of the output transformer windings, it was assumed that the losses in 
primary and secondary windings were equal. 





EL 3 


EL 5 


Output pentode 


This is a high-mutual-conductance, indirectly-heated 9 W output 
pentode which, owing to its accuracy of construction, is capable 
of delivering 4.5 W with 10% distortion (i.e., efficiency 50%). 
The mutual conductance is 9 mA/V and the valve lends itself well 
to reception incorporating A.F. feed-back; the grid input signal for 
full modulation is 4.2 V. In balanced output stages it is possible 
to obtain an output of 8.2 W at — y0% = 250 V, in which case 
the distortion is 3.1 % whilst the input signal need only be 6.7 V 
(per half of the secondary winding of the driver transformer). At 
a screen potential of 265 V, with 250 V applied to the anode and 
allowing for a voltage drop of 15 V in the output transformer, an 
output power of 9 W is developed, with 6.8 % distortion, on a grid 
input of 5.6 V (effective). The special construction of the cathode 
imparts to this valve its very high mutual conductance with a 
comparatively low heater power; at the heater voltage of 6.3 \ 
the current is only 0.9 A. 


HEATER RATINGS 


max ^6 



FIp. 1 

Dimensions in mm 



Heating: indirect, A.C. (>r D.C. parallel supply. 
Heater voltage . .... 

Heater current. 



39009 


CAPACITANCES 
Anode-to-grid . . . 


(^agi — 


Fig. 2 

Arangeinent of 
electrodes and 
base connections. 


OPERATING DATA: EL 3 employed as single output valve 

Anode voltage.250 V 

Screen-grid voltage. Vg^ ~ 250 V 

Grid bias.F^i —6 V 

Cathode resistor. Rk - 150 ohms 

Anode current./a --36 mA 

Screen-grid current. lyz - 4 mA 

Mutual conductance. aS' -= 9 mA/V 

Internal resistance. Jii — 50,000 ohms 

Load resistor. Ra 7,000 ohms 

Output power with 10 % distortion. —■ 4.5 W 

Alternating grid voltage at IF© = 4.5 W. Vi 4.2 V,^ 

Sensitivity (Wo — 50 mW). Vi — 0.33 Net! 

Amplification factor; grid 2 with respect to grid 1. . ~ 23 
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OPERATING DATA: EL 3 used in balanced output stage (2 valves^ 
(automatic grid biai^ 


Anode voltage. 

Screen-grid voltage. 

Cathode resistor. 

Anode current (without signal) . . . . 
Anode current at max. modulation . 
Screen current (without signal) . . 
Screen current at max. modulation . 
Load resistor between anodes . . . 

Output power. 

Distortion. 

Alternating input voltage (per grid) 

*) separate cathode resistor per valve. 


Va 

^ 250 y 

250 V 

Vgt 

- 250 V 

250 V 

Rh 

= 140 ohms 

190 ohms 

^ao 

= 2 X 24 mA 

2 X 31 mA 

fa max 

= 2 X 28.5 mA 

2 X 34 mA 

IgtO 

== 2 X 2.8 mA 

2 X 3.6 mA 

fgtmsLX 

= 2 X 4.6 mA 

2 X 5.8 mA 

Raa 

-- 10,000 ohms 

10,000 ohms 

Wo 

- 8.2 W 

9 W 

dtot 

- 3.1 % 

6.8% 

v^ 

- 6.7 Veff 

5.6 Veff 


OPERATING DATA: EL 3 employed as triode (Grid 2 connected to anode) 


Anode voltage . 

Grid bias. . . 

Cathode resistor 
Anode current . . 

Amplification factor . 

Mutual conductance . 

Internal resistance 

Load resistor. 

Output power with 6 % distortion 

Alternating grid voltage. 

Sensitivity (Wo — 50 mW) . . 


Fa = 250 V 
Vg, = -8.6 V 
— 426 ohms 
la — 20 mA 
/^ = 20 
S - 6.5 mA/V 
Rt = 3,000 ohms 
Ra ~ 7,000 ohms 
Wo - 1.1 W 
5.9 Veff 
l\ - 1.1 V.ff 


MAXIMUM RATINGS 

Anode voltage in cold condition . 

Anode voltage. 

Anode dissipation. 

Screen-grid voltage in cold condition . 

Screen voltage. 

Screen dissipation (Ft = o) . . 

Screen dissipation (IFo == max.) . 

Cathode current. 

Grid voltage at grid current start (Igi — -f 0.3 juA) 
External resistance between grid and cathode . . . 
External resistance between filament and cathode . 
Voltage between filament and cathode (D.C. voltage 
or effective value of alternating voltage) .... 



- 

max. 

650 V 

V„ 


max. 

250 V 

Wa 

- 

max. 

9 W 

^ yto 

= 

max. 

550 V 

T gt 

— 

max. 

275 V 

Wg, 


max. 

1.2 W 

HV. 

= 

max. 

2.6 W 

h 

=- 

max. 

55 mA 

Vn 

— 

max. 

—1.3 V 

Rgik 


max. 

1 M ohm 

Rjh 

— 

max. 

5,0(X) ohms 

Vfk 

= 

max. 

50 V 
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ViK 3 

Anodo current as a function of the anode voltage at different values 
of grid bias, at Vy, -= 250 V 


As there is normally a 
voltage drop across the 
output transformer, it is 
necessary to allow for 
this in determining the 
supply voltage if the 
maximum output is to 
be obtained from the 
valve. Usually, the* 
screen grid is connected 
directly to the suppl\ 
line and, in order to 
ensure maximum anodc' 
voltage (250 V), the 
screen potential should 
be slightly higher, this 
being limited to 275 
maximum (sec maxi¬ 
mum ratings). Fig. 7 
gives a number of useful 
data as plotted against 

the screen voltage within a range of 250 —275 V and these curves furnish the main 
operating data with respect to any voltage drop of from 0 to 25 V in the output 
transformer. 

Fig. 8 supplies additional data as a function of the screen voltage for the case wh(»n‘ 
the receiver supply is less than 250 V and the anode potential is less than the screen 
voltage by 15 V (equal to the voltage drop across the output transformer). 

Grid bias may be of the automatic type only (cathode resistor); semi-automatic 
bias is permissible provided that the cathode current of the EL 3 exceeds 50 % oi* 
the total current flowing through the biasing resistor. The maximum value for 
the grid leak, as shown in the maximum ratings, should then be reduced in accordance* 
with the formula: (cathode current of output valve/total current in the resistance) 
X Jigik^ Furthermore, the fact must be taken into account that the current of any 
valves controlled by A.G.C. will affect the bias on the output valve, so that, if A.G.(’. 
is to be employed, the bias may be too low and the anode current therefore too high. 
In the design of a receiver it is essential to take the high mutual conductance into 
consideration, as it may otherwise give rise to feed-back and parasitic oscillation. Leads 
to the valve holders must be as short as possible and a resistor of 1,(K)() ohms in 
the control-grid lead is in many cases necessary. 

When this valve is to be used in balanced output circuits the following should also 
be borne in mind. If the standing anode current is more than 25 mA a separate 
resistor must be used for each valve; differences in the anode currents might be the cause* 
of overloading, due to the fact that one valve carrying a high current would receive 
too little bias from another with too low a current. It is advisable to watch this point 
in all cases where the removal of one of the valves would cause damage to anoth(‘r. 
The data supplied in respect of this valve when used as a triode give a clear idea of 
its performance as a pre-amplifier in balanced output circuits. 

To prevent oscillation it is advisable not to connect the screen directly to the anode 
but to interpose a resistor of 100 ohms, without any decoupling; for the rest, the 
same precautions must be taken as for a pentode, such as short leads, etc. The EL 3 
coupled as a triode will also give good results when employed as a driver valve in 
balanced output stages operating with grid current. 
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Fig. 0 

Total distortion, 2nd and 3rd harmonic distortion and alternating 
grid voltage as a function of the output power. EL 3 used as single 
output valve with automatic bias {Va = Vg^ = 250 V). 



fO013 


Output power 
with 10 % distortion. 
Alternating grid voltage 

Sensitivity. 

Cathode resistor. . 
Anode current. 


Fig. 7 

Wo (10%) 
Vi (10%) 
Vi (60 mW) 
Rk 
Ja 


as a function of the 
screen-grid voltage (in 
the range 260-275 Y), 
at constant anode 
voltage (Ko 250 V) 
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EL 5 


EL 5 Out pul Pentode 



k f f 


/ / 



Fig. 2 

Arrangement of 
electrodes and 
base connections. 


The EL 5 is a steep-slope. 18 W output pentode. 

Using this valve it is possible to obtain greater 
output power than with two 9 W pentodes in a 
balanced circuit. Linear and non-linear distortion 
are considerably reduced by applying A. F. feed¬ 
back. 

Two of these 18 W pentodes in a balanced circuit 
vill deliver an effective output of 20 W, in which 
case contrast expansion can be successfully em¬ 
ployed. The particular form and dimensions of 
the 3rd grid ensure a very satisfactory upper bend 
in the dynamic characteristic. At full excitation 
it is possible for the anode voltage to drop to very Fig i 
low values, with the result that the distortion at 
9 W output is extremely low, being 10 % when 
automatic bias is employed; at lower output powers the amount 
of 3rd harmonic distortion is very slight indeed. All the advantages 
of a triode are thus obtained, without its disadvantages, viz. that 
the output power with a given amount of distortion drops sharply 
when a loading resistance higher than the normal is used. 



As the valve may be used vith a screen voltage of 275 V this, in 
conjunction with an anode voltage of 
250 V, will allow for a drop of about 25 V 


in the output transformer. 


HEATER RATINGS 

Heating: indirect by A.C., parallel supply. 

Heater voltage.F/ — 6.3 V 

Heater current.7^ - 1.3 A 


CAPACITANCES 
Anode-grid Cag^ < 0.8 
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Fig 3 

Anode current and screen current as a function 
of the grid bias, at Va - 260 V, Vg, - 275 V. 










































£L 5 



OPERATING DATA: El 5 used as normal output valve (single valve) 


Anode voltage. 

Screen-grid voltage. 

(^athode resistor. 

Grid bias. 

Anode current. 

Screen current. 

Mutual conductance. 

Internal resistance. 

Load resistor. 

Output power (dtot “ 10 %). 

Alternating input voltage with 10 clist 
Sensitivity ( Wq = 50 mW). 


Va - 

250 V 

^ (JZ ■— 

275 V 

Rt - 

175 ohms 

Vn 

—14 V 

la - 

72 mA 

Im - 

7 mA 

S - 

8.5 mA/V 

Ri = 

22,000 ohms 

Ra - 

3,500 ohms 

Wo - 

8.8 W 

r, 

9.1 Veff 

r. - 

0.5 Veil 


El 5 in a balanced output circuit (two valves), with automatic bias 


Anode voltage . 


250 V 

Screen-grid voltage . 

V 

. • ^ (72 

275 V 

C'athode resistor . 

. Ht 

120 ohms 

Anode current (without signal). . 

• • • ^ tw 

2 X 58 mA 

.Vnode current at max. modulation 

. • ' ^a max 

2 X 65 mA 

Screen current (without signal). . 

• • • • • • • Jq^o 

2 X 6.25 mA 

Screen current at max. modulation 

. iq% max 

2 X 10.5 mA 

Ijoad resistor between anodes . . 

liqn 

- 4,500 ohms 

Output power {Igi — 0.3 jxA) . 

. . 11 Q 

19.5 W 

Total distortion {Igi = -f 0.3 [lA) 


- 5.1% 

Alternating input voltage {Ig^ 1 

0.3 (xA) . . . I’j 

- 12.5 Vcff 

MAXIMUM RATINGS 

Vao max. 550 V 

h 

max. 90 niA 

Vn - max. 250 V 

^ (^J7i “ 0.3 fiA) - 

max. —1.3 V 

Wa max. 18 W 

^g\k (auto. bias>) 

max. 0.7 M ohm 

Vg^o -- max. 550 V 

% 

I'ft- 

max. 5,000 ohms 

F,, .= max. 275 V 

Wfit -- max. ;$ W 

max. 50 V 
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EL 5 


A. Single output Amplifier 


(Generally speaking, it 
is not advisable to cou¬ 
ple the EL 6 directly to 
a diode. Figures 5 and 6 
indicate the alternating 
grid input and distortion 
at Va ~ 250 V, Vg, 
275 V and i?/, - iTo 
ohms, corresponding to 
an anode current of 72 
niA, as a function of th(‘ 
output power; Fig. 5 
relates to a loading 
resistance of 3,500 ohms 
and Fig. 6 to 2,500 ohms. 
From these curves it is 
evident that when a 
load of 2,500 ohms is 
used the 3rd harmonic 
component is much smal - 
ler than in the case of 
the 3,500 ohms load, so that in all mstanccs ^^herc this 'would be an important factoi 
the smaller load deserves preference. 

The suggested pre-amplifier for use with the EL 5 is the EL 6 or EBC 3. When the 
EL 6 is employed in conjunction with the EL 6 the distortion curve is almost iden¬ 
tical to that of the EL 5 alone. With the combination EBC’ 3 -h EL 5 the distortion 
curve, at a lower output than three-quarters of the maximum, is about 10 °o Iowct, 
this low distortion figure being due to partial compensation of the 2nd harmoim 
in the EL 5 by that of the EBC 3. Owing to its high mutual conductance, the EL 5 
is eminently suited to the application of negative A.F. fc‘cd-bac*k for reduction ctl 
distortion. When feed¬ 
back IS applied, using 
a factor of about 10, 
the result is as shown 
in Fig. 7, in which the 
EF 6 is represented as 
pre-amplifier, with the 
feed-back applied to 
both valves. 


B. Balanced output 
Stages (2 Valves) 


If greater output, or less 
distortion, is desired, 
two EL 5 valves can 
with advantage be cou¬ 
pled in a balanced 
circuit. With an anode 
voltage of 250 V and 
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Kelation between alternating grid voltage, total distortion, distortion 
components and output power of the £L 6, with normal anode \ ol- 
tage, 2,500 ohms load resistor and decoupled bias resistoi. 



Fig. 5 

Alternating grid voltage, total distortion and distortion constituents 
as functions of the output power; £L 5 used normal output val\< 
with appropriate anode voltage, 3,600 ohms load resistor and 
decoupled bias resistor. 























screen voltage of 275 \\ the common cathode resistor should be 120 ohms and 
distortion can be kept down by decouplmg this resistor with a high capacitor 
(25 or 50 fiF). The full Ime in Fig. 8 represents th0 distortion obtained with this 
arrangement, with a load resistor of 4,500 ohms (between anodes), as a function 
of the output power. The distortion is due to 3rd harmonic only. 
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FiR 7 

Eelation between alternating 
grid voltage Ft, total distor¬ 
tion dtot and output power, 
KL 5 with pre-amplifier EF 6 
and negati\e feedback applied 
to the latter 
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Fig 8 

Anode current and total dis¬ 
tortion as a function of the 
output power, two EL 5 valves 
in balanced output stage with¬ 
out grid current, employing 
normal anode voltage and 
load resistor of 3,000 ohms 
or 4,600 ohms between anodes 























EL 6 


EIL4 6 Output Pentode 


max 52 



This is another 18 W, indirectly-heated, high conductance output 
pentode, the need for which arose from a demand for a “larger” 
output valve which, fully excited, would take about the same grid 
input as the E1-. 3. The advantage of this valve is that receivers 
having a 9 W or 18 W output stage, apart from the rectifier, may 
be developed along exactly the same lines. At the ^vorking point 
the EL 6 has the unusually high mutual conductance of 14.5 mA/V. 
With 10 % distortion the maximum obtainable output is 8 W. The 
peak alternating grid voltage for this output is only 4.8 V(eff) \^hilst 
the sensitivity (for 50 mW output) is 0.3 V(efr). 

The valve can also figure in balanced output stages, although the 
output obtainable is then not so high as in the case of two EL 5 
type valves. On the other hand, the EL 6 has the advantage of a 
Idgher mutual conductance. The optimum output power is 14.5 W 
with 2.2 % distortion at an alternating grid voltage of 7.3 V(eff) 
per grid. Taking into account an average voltage drop of 15 V across 
the output transformer, the output at — 250 V with — 265 V 


is somewhat higher, viz. 16 W. with 1.4% distortion Hith a grid g2 l|— 

1 ^ ?_ ___1.1-. 0 n ...1.-^1. I 


input of 8.5 V(eff). The maximum distortion is roughly 3 %, which 
occurs at approximately 10 W output. 

The very high mutual conductance is due to the special construction 
of the cathode, with its relatively low heater power: at 6.3 V the 
current consumed is 1.2 A. 
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Anode and screen current as a function of the 
grid bias, at Va =- Fr, — 250 V. 
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EL 6 



Fig. 4 

Anode current as a function of the anode voltage at Vff^ — 250 V 
with Vgi M parameter. 


HEATER RATINGS 

Heating: indirect by A.C., parallel supply. 

Heater voltage. . . . Fy = 6.3 V 

Heater current. . /y =• 1.2 A 


CAPACITANCES 

AiuKlc-grid. Cagi < 0.7 fi/iF 


OPERATING DATA: EL 6 used as a normal output valve (single valve) 


Anode voltage. Va = 260 V 

Screen-grid voltage.— 260 V 

Grid bias. Vgi ~ —7 V 

Cathode resistor. R/i =90 ohms 

Anode current./« =72 mA 

Screen-grid current.=8.0 mA 

Mutual conductance. S =14.6 mA/V 

Internal resistance.7?,* — 20,000 ohms 

Load resistor./?o = 3,600 ohms 

Output power with 10 % distortion. Wo = 8 W 

Alternating input voltage for IF© — 8 W. Vi = 4.8 Vetr 

Sensitivity (IFo — 60 mW).F* =0.3 Veff 


Amplification factor, screen with respect to grid 1 . . . fAg^gi — 20 
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EL 6 


OPERATING DATA: £1^ 6 used as an output valve in balanced circuits 
(two valves) with automatic grid bias. 


Anode voltage. 

. . V„ 

- 250 V 

260 V 

Screen-grid voltage. 


250 V 

266 V 

Cathode resistor. 

■ . Rk 

— 90 ohms 

97 ohms 

Anode current (without signal). 

• • ^ao 

- 2 X 46 

2 X 46 mA 

Anode current at max. modulation . . . 

• • la max 

- 2 X 53 

2 X 54 mA 

Screen current (without signal). 

• • ^gto 

2 X 5.1 

2 X 5.1 mA 

Screen current at max. modulation. . . 

• • Igz max 

- 2 X 8.6 

2 X 9.9 mA 

Load resistor between anodes. 

• • Raa 

5,000 ohms 

5,000 ohms 

Output power. 

. Wo 

14.5 W 

16 W 

Distortion. 

dtot 

- 2.2% 

1.7% 

Alternating grid voltage per grid .... 


7.3 Veff 

8.2 Vpff 


MAXIMUM RATINGS 


Anode voltage in cold condition. Vno 

Anode voltage. . . Va 

Anode dissipation. If^ 

Screen voltage in cold condition . Vg^o 

Screen voltage. Vg^ 

Screen dissipation ( = o). Wg^ 

Screen dissipation - max.). Wg^ 

Cathode current. Ik 

Grid voltage at grid current start {Igi = + 0.3 //A) Vg^ 

, External resistance between grid and cathode . . . Rq^k 
External resistance between heater and (cathode . . Rfk 
Voltage between heater and cathode (D.C. voltage 
or effective value of alternating voltage) .... Vji 


max. 560 V 
max. 250 V 
max. 18 W 
max. 650 V 
max. 275 V 
max. 2 W 
max. 3 W 
max. 90 mA 
max. —1.3 V 
max. 0.7 M ohm 
max. 6,000 ohms 

max. 50 V 


Fig. 6 gives a number of useful data plotted against the screen voltage in the range 
250 —216 V. With an anode voltage of 250 V by means of these characteristics any 
voltage drop in the output transformer from 0 to 25 V can be taken into ac*count 
in investigating the operation of the valve. Dynamic characteristics of the EL 6 as 
a function of the screen voltage, in the case of receivers in which the available anode 
voltage is less than 250 V and whereby the anode voltage is less than that of the screen 
by 15 V, are given in Fig. 8. Allowance is made for an average voltage drop of 1.5 V 
across the output transformer. 

In the case of Class A and A/B amplification the grid bias must be automatic (cathode 
resistor); semi-automatic bias may be employed so long as the cathode current 
of the EL 6 is in excess of 50 % of the total current flowing through the biasing 
resistor. The maximum value of the grid leak, as indicated in the Maximum Ratings 
should then be reduced in accordance with the following: 

Cathode current of the output valve 
Total current passing through the resistor producing the voltage drop 
It should be noted, further, that the current of those valves to which automatic gain 
control is applied will affect the bias on the output valve, so that when the control 
voltage rises the bias quickly becomes too low and the anode current too high. 
The high mutual conductance of this valve should be taken into consideration in 
the design of receiver circuits, in view of the resultant tendency towards R.F. feed¬ 
back and oscillation. Leads to the valve contacts should therefore be as short as possible', 
and a resistor of about 1,000 ohms in the grid lead is indispensable. 
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EL 6 


For the use of the valve in balanced circuits employing aptoknAtic bias the necessary 
data will be found in Figs 8 and 9: the former gives the distortion and alternating 
grid voltage at Va = 260 V and V,. — 250 V, whilst Fig. 9 shows various data, such 
as the biasing resistor, output power, etc. as functions of the screen voltage vthen 
the anode current is 2 x 24 mA with a constant voltage of 250 V on the anode. 
Using the curves it Is possible for the designer to obtain the appropriate operating 
conditions with respect to almost any voltage drop across the output transformer. 
In balanced output stages care should be taken, if the anode current (without signal) is 
more than 45 mA per valve, to see that each valve has its own biasing resistor. This 
precaution is advisable in all cases where a possibility exists that one of the valves 
may be removed while the set is in operation, as this will otherwise result inevitably 
in damage to the other valve. 



tho cathode circuit (Fa «=» Fy, *» 250 V). 
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Output power 



with 10 °o distortion 

Ho(10o ) 1 

as functions of the 

Alternating grid voltage at 

screen voltage (in tin 

10 % distortion 

1J(10%) ^ 

range 250-275 V) with 

Sensitivity 

11 (50 m\N ) k 

a constant anode vol 

Cathode resistor 

m \ 

tage {\a — £->0 V). 

Anode current 

Ja ' 





lig 7 

Total anode current la total screen curr( nt Ig^, total distortion dtnt, 
3rd harmonic distortion and alternating grid voltage per grid Vt, 
as functions of the output power Wo when using two EL 0 valves in 
a balanced circuit with Va = = 250 V 






































ELL 1 


ELL 1 DouLIe Output Pentode 


This valve vas specially designed for car radio receivers and consists 
of two output pentode units enclosed in a single envelope, each 
unit having an anode dissipation of 4 5 W From the point of view 
of its operation from the car battery, both the heater and the 
anode current have been kept as low as possible, m consequence, 
the mutual conductance of each unit mvidually is not *>0 very high, 
VIZ 1 7 mA/V The two vahe units have been housed m a common 
bulb for use in balanced circuits, in order that the power supplied 
to th( anode shall be utilized to the best possible advantage, with 
15" distortion, the output po\% er is 4 5 W 

The two cathodes, screen grids and siipprcssois are inter connected 
within tlu Aal\( 
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lU 1 

i)imon»ions in mm 



4nod( and scieeii grid (umnts ol » Bingh j < ntcd« 
unit of the ELI 1 as i function of the grid lian 
at I a I yi — A50 \ 


a a' 



f f 



iifi A 

\rruii„( inent ol 
(l((trod(B ind 
I as( (onncctuiis 


HEATER RATINGS 


Heating indirect b\ 
Heater voltage 
Heater current 


battirv curient rectified AC oi D C ; 


parallel supph 

1 / 6 3 \ 

Ij 0 45 A 


CAPACITANCES 

Anode-gnd s\stem 1 
Anode grid system 2 
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STATIC RATINGS (PER SYSTEM) 


Anode voltage. Va 

Screen-grid voltage.Fj 72 

Grid bias. V^i 

Anode current. la 

Screen-grid current. Iq^ 

Mutual conductance. ^ 

Internal resistance. Bi 


OPERATING DATA FOR BALANCED CIRCUIT 


Anode voltage. 

Screen-grid voltage. 

(brnmon cathode resistor .... 

Grid bias. 

Anode current (without signal). . 
Anode current at max. modulation 
Screen current (without signal). . 
Screen current at max. modulation 
].<oad resistor between anodes . . 

Output power. 

Total distortion. 

Alternating input voltage per grid 


Rk 



I a max 


Ifif2max 

Baa 

Wo 

C^tot 

Vt 


MAXIMUM RATINGS 

Anode voltage in cold condition.1 «© 

Anode voltage. Va 

Anode dissipation (per system).ir« 

Screen-grid voltage in cold condition. Vg 2 o - 

Screen-grid voltage. Vg^ 

Screen dissipation per system ( Tj ^ o). 

Screen-grid dissipation per system (IFo - max.) . . Wg 2 

Cathode current per system. 

Grid voltage at grid current start (Igi — 0.3 ^A) 

External resistance between heater and cathode . . Bfk 
Voltage between heater and cathode. 


- 250 V 
250 V 

- —19.5 V 

- 15 mA 
^ 2.5 mA 

- 1.7 mA/V 

- 110,000 ohms 


250 V 

- 250 V 

- 560 ohms 

- —19.5 V 

- 2 X 15 mA 

- 2 X 17 mA 
2 X 2.5 mA 

- 2 X 5 mA 
16,000 ohms 

4.5 W 

3.5 % 

19 Veff 


max. 550 V 
max. 250 V 
max. 4.5 W 
max. 550 V 
max. 275 V 
max. 0.7 W 
max. 1.5 W 
max. 30 mA 
max. —1.3 V 
max. 5,000 ohms 
max. 50 V 


The data and characteristics given v ith respect to this valve refer only to a resistance- 
free source of voltage; in general, car radios are driven by the car battery by means 
of a vibrator and the latter, together with the transformer and anti-statie circuit, 
have a fairly high resistance which \iill somewhat reduce the maximum obtainable 
output power; the internal resistance, therefore, should be as low as possible. In 
the case of an internal resistance in the supply unit of, say, 1,600 ohms, with the 
pre-amplifier valves taking 20 mA, the following values will furnish an output of 
4.75 W, with 3 % distortion: 


Internal resistance of the anode-feed source . . . . 

Current consumption of amplifying valves. 

Anode voltage. 

Screen voltage. 

Cathode resistor. 

Anode current (without signal). 

Anode current at max. modulation. 


Bf, 1,600 ohms 

Jq - 20 mA 

Va - 250 V 

Vg2 250 V 

Bjc -- 600 ohms 

lao 2 X 15 mA 

max — 2 X 16.5 mA 
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Screen current (without signal).7^*0 ~ 2 X £.5 mA 

Screen current at max. modulation . . ... ij^gmax =- 2 X 4.7 mA 

Load resistor between anodes. Aaa' - 16.000 ohms 

Output power. Wo - 4,75 W 

Distortion. dtot “ 3 % 

Alternating input voltage, per grid.=18 Veff 

^ The output obtainable 

I in respect of other values 

::::: niay be estimated from 

the above figures. 

:4-iTt The maximum anode 

ijiit voltage is 250 V, which 

on an average car bat- 
---T tery voltage of 6.3 V 

i'T: must definitely not be 

(‘xceeded; actually the 
nse of car batteries may 
: give rise to considerably 

::::: greater overloads than 

l£:: are usually met with in 

the case of mains opera- 
—tion, since, when the 
^ ^ battery is charging, vol- 

Anode curmit of one pentode unit of the ELL 1 as a fun<*tlon of the tages of 8 to 9 V may 

anode voltaKe for difterent \ allies of grid bias, at Vg, - 250 occur, with consequent 

detriment to the life of 

the valves. With automatic bias, however, over-voltages on the anode and screen 
grid of 20 % are permissible. The maximum screen voltage of this valve being 275 V, 
the voltage drop across the output transformer is allowed for, and there is no 
necessity for a reduction in anode voltage. 
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Total distortion dtot, aiternating grid voltage Fi, total anode current 
la and total screen current /g„ as functions of the output power 
of the ELL 1 when used in a balanced output stage with automatic 
grid bias. 
































EM 1 


EM 1 Electronic indicator 


The electronic indicator EM 1 is designed on the lines of a high 
vacuum tube and is thus able to react without the slightest lag. 
It consists essentially of the virtual indicator itself, comprising a 
cathode, anode (screen or target) and four deflection plates. The 
anode is conical in shape and is coated on the inside with a fluorescent 
substance, the glow of this fluorescent screen, caused by the electrons 
striking it, being visible from the end of the valve. Between the 
cathode and this screen there are four deflection plates, mounted 
radially, which, as their name implies, exert a deflecting effect upon 
the electrons passing to the screen. In this way the screen, which 
is connected directly to the positive high-tension line of the receiver, 
gives rise to four bands of shadow of variable width. 

In a normal receiver circuit the tuning to the desired transmitting 
station is set to give maximum width of the lighted sectors. 

The lower part of the electronic indicator consists of a triode which 
amplifies the variable control voltage from the automatic gain control 
circuit, and the anode of this triode is connected internally to the 
deflection plates and externally, through a resistor of 2 megohms, 
to the positive side of the H.T. supply. 

The variable control voltage on the grid produces variations in 
potential at the anode and therefore also on the deflector plates, 
thus varying the width of the sectors of light. 

The EM 1 can be used equally well in 6.3 V A.C. receivers, car-radio 
sets and A.C./D.C. models with their heaters fed in series. Since 
the direct voltage on the fluorescent screen must not drop below 
200 V, however, the use of this tube in A.C./D.C. sets is limited to 
those working on 220 V D.C. without voltage doubling, A.C. 220 V 
mains, and 110 V A.C. mains with voltage doubling. 


iS!!*a 


Fig. 1 

Dimensions in mm. 



f f 



Fig. 2 

Arrangement of 

HEATER RATINGS electrodes and 

base connections. 

Heating: indirect by A.C. or D.C., series or parallel supply. 

Heater voltage.F/ = 6.3 V 

Heater current. ~ 0.200 A 


OPERATING DATA 


Supply voltage. Vf, 

Anode series resistor. 

Grid bias for smallest angle of light sector .... Vg 

Grid bias for largest angle of light sector. Vg 

Anode current at F^ — 0 V.7® 

Anode current at Vg — —4 V or —5 V./a 

Screen current at F^ = 0 V. li 

Screen current at Vg = —4 V or —5 V.7/ 

Angle of light at the edge of the screen, measured 

at Fy = 0 V.p 

Angle of light at the edge of the screen, measured 
at Vg ~ — -4 and —6 V.. 3 


- 200 V 

- 2 M ohms 

- 0 V 
= ^ V 
= 75 M 
= 20 iuA 

= 0.13 mA 
= 0.14 mA 

= 20 ° 

= 90° 


250 V 
2 M ohms 
0 V 
~~5 V 
95 fxA. 

21 fiK 

0.13 mA 
0.14 mA 

16° 

90° 
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a ^^ldth of light sectors 
on the fluorescent 
screen with a high bias 
on the grid of the 
triodc section 
b The same on a low 
grid biis 


Anode current of the triodc section 7a, current on fluoKsicnt scret ii 
7/ and light angle measured at the edge of the screen as 
functions of the grid bias at T 6 200 \ 


Valve holder 


Shadow seciot 


Support for 
cathode light screen 


Cathode light » a 

V screen ] 

U 

/ % 

* Fluorescent screen 

VfK 


MAXIMUM RATINGS 

I ao ~ niftx 550 V 
I a — ma\ 250 V 
1 lo — nia\ 550 V 
T I — max 250 V 
lin max 5,000 ohms 


Top \iew of the indicator in the holder The support 
tor the cathode light screen indicates the position 
of the cross 


max 2 5 M olinis 
max 100 V 


*) Allowing for 10% overvoltage ol the mains 
*) Direct \oltnge or effective value ol alternating 
V oltagp 


IlillH 


Fig 6 

Anode current of the triode 
section 7a, current on fluo¬ 
rescent screen Ji, and light 
angle ^ measured at the edge 
of the screen as functions of 
the grid bias, at Vb » 250 V 


■■■■■ 

BBHB 

3iii 


duill 

mm 


IBBBBBPPS m 

lisssssS:: 


ss;!s:: 

BBBBBBBU... 

__ SBBIgBBiSSl 

E BlIlBBBSTlBSBaBBBBBBBBBBBBB BBBBBBBBBil 

88888888881 

iS8S888&8888S!:Si888888BB88U:8l88888888 88888888881 

|BBp"SBiBBBBBBBlBBBB5SSBBiBlBiBBBBBBBS^illililiiiii| 

















































C/EM 2 


C/EM 2 Electronic inJicator 


The Philips C/EM 2 is an indicator for accurately tuning the feceiver 
to the required station. It works on the same principle as the EM 1, 
being a high-vacuum valve, with conical screen which is viewed from 
above. Two fan-shaped fluorescent patterns are formed on the screen 
and the width of these sectors varies with the tuning. 

The difference between this tube and the EM 1 is that instead of 
four deflector plates only two are provided, whilst there is an 
extra grid between the anode and the fluorescent screen. As in the 
EM 1, moreover, the indicator comprises two sections, combined 
in a single envelope. The lower part of the tube is a triode with a 
high amplification factor and serves to amplify the direct voltages 
obtained from the automatic gain control circuit. In the upper 
portion of the valve a grid is mounted between the conical fluorescent 
screen and the cathode, by means of two rods. The supporting rods 
of the triode-anode protrude into the virtual indicator section and 
He in the same plane as the grid supports; there are therefore two 
ways in which electrons from the cathode to the anode (fluorescent 
scrt»en) can be controlled, viz. 

1) by utilizing the deflecting effect of the two triode-anode sup- 
})orts, which serve the same purpose as the four deflector plates in 
the P3M 1 and react upon the width of the light sectors; simultane¬ 
ously an intensity variation ocemrs when the voltage on the triode 
anode falls; 

2) the light strength of the fluorescence is controlled by the applica¬ 
tion of different potentials to the grid of the indicator; in other >^ord8, 
this controls the brilliance, which can ultimately be made to disappear 
altogether. At the same time, due to the deflecting action of the grid 
supports, the angles of the sectors can be varied; this means that 
the indication can be obtained in various ways: 

a) The tuning can be rendered visible by coupling the grid of the 
triode section to the A.G.C. circuit; the anode supports, projecting 
into the indicator, then receive a higher or lower voltage due to 


max 31 



FiK. J 

Dimensions in mm. 


a,D I 



ArranKoment of 
el€‘Ctrocle8 and 


base connections. 


the variable voltage drop across a series resistor as in the case 

of the ElM 1; the electrons on their way to the anode are thus deflected to a 


greater or lesser degree. 


b) Alternatively, the voltage on the grid of the indicator itself may be varied, for 
instance by connecting it to the screen-grid circuit of a controlled R.F. or I.F. valve, 
leaving the triode section available for other purposes, such as the suppression of 
interference due to crackle, or the amplification of the A.G.C. voltage. 

c) Tuning can be made visible by means of a combination of the two above-mentioned 
arrangements. It is possible to obtain an effect whereby the light sectors on the 
fluorescent screen are very small and of low intensity when the receiver is not tuned 
to a station. As the tuning approaches the carrier-wave frequency the intensity 
increases until the area of the light sectors, and their intensity, are at a maximum 
(the screen is then saturated), after which, on a strong carrier wave, a maximum 


width of about 150° may be reached. 

Tuning is thus facilitated by the variations in the intensity as well as by the changes 
in the width of the light sectors, especially on weak signals. 

As in the EM 1, the cathode is provided with a screen cap to avoid unpleasant 
effects caused by the light emitted by the cathode. 
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C/EM 2 





Fig. 3 

Xriode section of the 0/EM 2. Anode current 
as a function of the grid bias at Va — 200 V 
and 250 V. 


The C/EM 2 can be used in A.C. sets 
as well as car radio receivers, and A.C./ 
D.C. sets with series heater supply, Since 
the direct voltage on the fluorescent 
screen must never be less than 200 V, 
the use of this tube in the latter type 
of receiver is restricted to those working 
on 220 V D.C. without voltage doubling, 
A.C. 220 V mains, and 110 V A.C. with 
voltage doubling. 



Fig. 4 

Trlode section of the C/EM 2. Anode current as a function of the 
anode voltage for various values of grid bias, reproduced on a large 
anode-eurrent scale 
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Light angle p of the fluorescent screen as a 
function of the voltage Vg' on the grid of the 
indicator section, with the voltage Va on the 
anode of the triode as parameter Voltage VI 
on the fluorescent screen constant at 250 ^ 


light angk p of the fluorescent screen as a 
function of the \oltage \ g' on the grid of the 
indicator section, with the voltage Va on tiie 
anode of the triode as parameter Voltage VI 
on th( fluorescent screen constant at 200 
































































C/EM 2 


HEATER RATINGS 

Heating: indirect by A.C. or D.C., series or parallel supply. 

r Heater voltage. 

Heater current. 


Vf - 6.3 V 
If = 0.200 A 


OPERATING DATA; Triode section 


Anode voltage. Va ~ 200 V 250 V 

Grid voltage. .Fy = — 2.5 —3.5 V 

Anode current.—3 mA 3 mA 

Mutual conductance. . S —2 mA/V 2 mA/V 

Amplification factor ... .^ 50 50 

Internal resistance. . — 25,000 ohms 25,000 ohms 


OPERATING DATA: Indicator section 


Voltage on fluorescent screen . . F/ - 250 
I. Indicator grid voltage Vg' variable. 


Angle of fluorescent sector . . 

p - 

5° 150° 

160° 

V^oltage on anode of triode. . 

v„ 

250 250 

250 V 

Voltage on grid of indicator . 

V./ 

—6 0 

+ 3 V 

2. Voltage on anode of triodt* Va 

variable. 


Angle of fluorescent sector . . 


95° 

150° 

V’oltage on indicator grid . . 


0 

0 V 

Voltage on triode anode . . . 

r« 

0 

250 V 

Voltage on fluorescent screen . . 

r, 

200 V 


i. Indicator grid voltage V,/ variable. 
Anglo of fluorescent sector . . B 

150° 

160° 

V\)ltage on anode of triode. . 

r„ - 

200 200 

200 V 

Voltage on grid of indicator . 

IV 

-4.5 0 

4 3 V 

2. Voltage on anode of triode V,, 

variable 


Angle of fluorescent sector . . 

p 

IK)° 

150° 

Voltage on indicator grid . . 

1'/ 

0 

0 V 

Voltage on triode anode . . . 

r., 

0 

200 V 


MAXIMUM RATINGS 

i (to 
V(t 

Via 

Vi 

Vl 

h 

Ik 

^ g {Ig f^A) 

F/ (// - 0.3 fiA) 

Ugk 

Rgk 

%k 

Vfk 


max. 550 V 
max. 300 V 
max. 1.5 W 
max. 550 V 
max. 250 V 
min. 150 V 
max. 1 mA 
max. 12 mA 
max. —1.3 V 

— max. —1 V 

— max. 2.5 M ohms 
max. 2.5 M ohms 

- max. 20,000 ohms 

- max. 125 V ’) 


Direct voltage or effective value of alternating voltage. 



With screening 





Without screening 
Fig. 10 

Definition of the 
light angle p. Top 
view of electronic 
indicator, 

a. with cathode 
light screened. 

b. with cathode 
light not 
screened. 
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Fig. 1 

Dimensions in iniii. 


EM 4 Doal-sensitivity electronic indicator 

The EM 4 is a dual-sensitivity electronic indicator valve which enables 
weak and strong signals to be tuned in with equal ease and ac¬ 
curacy. It is hardly possible to distinguish this tube from the EM 1 
as regards appearance; it works on the same principle and also has 
the conical fluorescent screen, upon which shadow sectors are 
produced by deflection of the electron streams, these sectors being 
variable in width. Here, too, the screen is observed from the top of 
the valve. Instead of 4 fluorescent sectors, this tube gives only two and, 
therefore, also two shadow zones; in the ease of the EM 4 tuning 
is effected by means of the shadow sectors rather than by the light. 

The shadow sectors do not vary in size to an equal extent when 
the set is being tuned; one sector is very much more sensitive than 
the other, that is to say, the angular variation takes place more 
rapidly. 

The development of this tube was prompted by the following 
considerations: in circuits employing the EM 1 it was often found 
difficult to obtain a satisfactor 3 '^ indication on weak signals as well 
as on strong ones, so that, if a sensitive indication is essential on 
weak signals as well, there is no alternative but to feed the grid of 
the EM 1 directly with the direct voltage from the load resistor of the 
receiving diode or, at any rate, to reduce this voltage only slightly 
by means of a potential divider. On strong signals, however, such 
a high voltage occurs on the grid of the indicator that the fluorescent 
sectors cover the whole of the screen long before the centre of the 
resonance curve is reached. 

On the other hand, if preference is given to a good, clearly 

,... visible indication on 




Cathode-nghi 




Anode of the 



-I-Cathode 


FIk. 3 

Construction of Phiiips Klectronic Indicator EM 4 
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strong transmitters, a 
suitable tapping being 
provided on the poten¬ 
tial divider for this 
purpose, there will be 
hardly any indication 
at all on the weaker 
stations; the direct 
voltage variations at 
the grid during tuning 
are so small that the 
movement at the edges 
of the fluorescent zones 
is barely visible. 

In view of the above, 
a satisfactory indication on both weak 
and strong signals can virtually be 
obtained only by using two indicators, one 
being connected direct and the other 
across a potential divider, to the load 
resistor of the receiving diode, but 
a better solution consists in connecting 
the two indicators to the load resistor 


Pig. 2 

Arrangement of 
electrodes and 
base connections. 



EM 4 


in the same manner, e.g. one of the 
indicators being very sensitive and the 
other of low i^nsitivity. 

By sensitivity, in the case of an electronic 
indicator, is meant the angular variation 
in the fluorescent and shadow sectors for 
one volt variation in grid voltage. The 
use of two valves for indicating purposes, 
due to the high cost and extra space 
required, would be out of the question, 
however, even in the highest class types 
of receiver and the need, therefore, 
is for a valve that will embrace the 
qualities of both high and low sensitivity. 

Hence the EM 4, which may be regarded as a combination of two electronic indicators 
of different sensitivity, was developed; the construction, however, is almost as 
simple as that of the EM 1. The two units have a common fluorescent screen and cathode, 
one half of the screen serving each of the units. 

The construction is as shown in Fig. 3: the conical fluorescent screen is at the top 
of the tube and the extremity of the cathode projects into it. Between the cathode 
and the screen, taking the components in order from the centre outwards, there is 
a space-charge grid, connected to the cathode, and two diametrically opposed deflector 
rods. The top end of the cathode is screened with a small cap to counteract the 
unpleasant effect of the light emitted by the cathode. This cap rests on two rods 
mounted vertically on the fluorescent screen, in contrast with the EM 1, which has an 
oblique rod. The two rods are fitted on a bar lying at 90° to them (see Fig. 4) and 
are at the same potential as the screen. 

The amplifier section of the tube is at the lower end and consists of two triodes, of 
different amplification factors, mounted one above the other around the cathode; 
they are served by a common grid, but the latter is wound at a different pitch for 
each triode unit. The two anodes are electrically isolated from each other; the upper 
one, this being the smaller, is that of the high-amplification-factor triode. Each anode 
is connected to one of the deflector rods of the indicator unit and has its own separate 
contact on the base of the tube. 

In the circuit (see Fig. 9) these anodes are 
connected across 1 megohm resistors to 
the positive H.T. line of the receiver; 
the fluorescent screen is at the same 
potential. 

The two triodes are controlled simultane- 
ously by the bias on the grid (control 
voltage from the detector diode) and they 
function as voltage amplifiers; variations 
in the bias are equivalent to a voltage 
drop across the anode resistors and 
therefore produce a variation in the width 
of the shadow sector behind the deflector 
rods. 



Deflection rod- 
SufV)oriing rod- 
Deflection rod- 



Shedow sector 
Fluorescent 
sector 

Cathode-light 

sector 


Fig. 4 

Airangcment of the components in the indi¬ 
cator section of the EM 4. 


The high-sensitivity triode unit produces 
a greater variation in the shadow angle 
behind the relative deflector rod than 
the other section, for a given grid voltage; 
in this tube the shadow angle for 0 V 


Fig. 6 

Various characteristics of the shadow angle plotted 
against grid voltage: 

a. Characteristic of the less sensitive unit of the EM 4. 

b. Characteristic of a valve with variable pitch grid. 

c. Characteristic of the more sensitive unit of the 
EM 4. 
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grid potential (and 260 V supply), is 90°. 
With —5 V on the grid the shadow angle 
of the high sensitivity deflector rod is 5° 
whereas the less sensitive rod does not 
give thiS shadow angle until —16 V is 
reached. 

Fig. 6 shows the characteristics of the 
sections of the valve, which clearly demon¬ 
strate the action of the indicator. The 
two sensitivities of the EM 4 are thus 
obtained by the use of two amplifier 
triodes having dificrtuit amplification 
factors. Originally, a solution to the 
problem of obtaining a clear indication 
for both W'cak and strong signals was 
sought in a special form of characteristic 
in the amplifier part of the triodc, for 
instance by employing a grid of varying 
pitch, so that the lajVq characteristic 
would have a long “tail”, but character¬ 
istics of this type do not give good results, 
as will be seen from Fig. 5, in which 
curve (b) represents the shadow angle as 
a function of the grid voltage of a tube 
of this kind. At small grid voltages the 
mutual conductance is relatively high, 
giving fairly good sensitivity on weak 
signals, but not nearly so high as in cur\ t* 
in the figure, which refers to the moi( 
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Shadow angles and a> measured at the 
< dRe of the screen, and screen current // as fune- 
tloiiH ol the grid \oltaRe on a sui>i>l> of 250 \ 


• stmsitive section of the EM 4. At high 
values of grid potential the tube ojKTatcs 
on the tail of the curve and the mutual 
conductance is low, with coiTespondmgl\ 
low sensitivity of the indicator. From 
Fig. 5 it will be noticed, however, that 
even on strong signals the indicator is 
anything but satisfactory; assuming a 
direct voltage of —10 to —15 V during 
tuning, curve (a) gives an angular \ ariation 
of 18° and curve (b) only 6°. 

The indication obtained on strong sig¬ 
nals is thus not sensitive enough when 
the indication for weak signals is good; 
valves made with varying pitch do, in 
actual fact, yield curves as showm in 
which means that such tubes art* satis¬ 
factory only on weak signals. For a really 
good indication for both weak and strong 
signals the only solution is a tube of 


Fig. 7 

Shadow angles OLi and at measured at the edge 
of the screen, and screen current Ii as functions oi 
the grid potential on a supply of 200 V. 



EM 4 



the type of the EM 4 with its dual sensi 
tmty ranges 

It should be poted that the EM 4 has 
only two fluorescent zones instead of the 
four m the EM 1. In the first place 
this ensures greater angular variation m 
each of the individual sectors, secondly, 
expenence has shown that the average 
listener finds it easier to tune with onlj 
two sectors than with four When there 
are four fluorescent sectors the layman 
invariably tries to obtain a symmetrical 
pattern on the screen, with correspon 
dingly faulty tunmg With only two 
sliadow sectors there is less to occup\ 
the e>e and there is not so much tendenc\ 
towards maccurate tuning Due to th( 
presence of the two rods supporting the 
cathodf light screen, the fluoresce nt areas 
arc divided by two thin lines of shadov 
Tig 6 shows that at —16 V and —5 V 
the characteristic commences to flatten 
out, small lines of shadow remain over, 
due to the fact that the deflector rods 
absorb a certain amount of current whic h 
in turn produces a voltage drop across 
the coupling resistor, this preventmg the 
rods from exceeding a certam posituc 
potential It is on account of this fact that the fluorescent areas cannot overlap each 
other Fig 4 depicts chagrammatically the arrangemc nt of the electrodes and supporting 
rods in the indicator section of the EM 4 

\t the upper end the bulb is moulded to a special shape, being, as it were, depressed 
to a concave surface, m order that the edge of the glass, wlueh is lacquered, ma^ 
form a dark background before the actual \^indo\^ of the tube In this \^a^ the 
contrast bcti^ecn the fluorcseenee and the dark background is accentuated and vtr\ 
slight \ariation8 in the light and shado^v during tunmg are rendered more easih 
pe rceptible 

Heater ratings have been chosen for this tube that ^^ill render it suitable for parallel 
feeding on 6 3 V as well as series feeding in 200 in4 circuits Needless to say m 
AC/DC receivers operating on 110 V the brilliance of the fluorescent sectors is 
less than when the applied screen \oltage is 250 V 


Ik 8 

hJiadow angles Oii and a, measured at the edR( 
of the screen and screen current Ji as func 
tions of the grid potential 


HEATER RATINGS 

Heating indirect by A C or D ( , senes or parallel supph 
Heater voltage 
Heater current 


1/ - 63 V 
/f - 0 200 A 


WT 
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OPERATING DATA: EM 4 used as tuning indicator 


Voltage supply to screen and 


anode circuits. 

Vb 

- 100 V 

200 V 

250 V 

Anode series resistor for the 
high-sensitivity section. . . . 

^ai 

— 1 M ohm 

1 M ohm 

1 M ohm 

Anode series resistor for the 
low-sensitivity section .... 


— 1 M ohm 

1 M ohm 

1 M ohm 

Screen current at = 0 V . . 

u 

= 0.2 mA 

0.55 mA 

0.75 mA 

Grid voltage for a shadow angle 
of 90° in the high-sensitivity 
section. 

^ g (^i 

- 90°) - 0 V 

0 V 

0 V 

Grid voltage for a shadow angle 
of 90° in the low-sensitivity 
section. 

yg (^2 

90°) - 0 V 

0 V 

0 V 

Grid voltage for a shadow angle 
of 0° in the high-sensitivity 
section. 

yg (y-i 

- 0°) ^ —2.5 V 



Grid voltage for a shadow angle 
of 0° in the low-sensitivity 
section. 

^ g (^2 

- 0°) - —8 V 



Grid voltage for a shadow angle 
of 5° in the high-sensitivity 
section. 

yg (ai 

- 5°) - - 

--4.2 V 

—5 

Grid voltage for a shadow angle 
of 5° in the low-sensitivity 
section. 

yg (^z 

= 5“) - - 

— 12.5 V 

—16 V 


a* — shadow angle with respect to deflector rod Z>i, measured at the edge of the scren n. 
a 2 = the same with respect to deflector rod Dg. 

MAXIMUM RATINGS 


1 aio .... 

... - max. 550 V 

Vi. . 


Var ... . 

... - max. 275 V 

V<,(h 

+ 0..‘3 //A) = max. —1.3 V 

Vato . . . . 

... - max. 550 V 

Hgk’ • 


Fa, ... . 

... — max. 275 V 

JUfk. . 

.- max. 20,000 ohms 

Vio .... 

... - max. 550 V 

Vfk. . 

.- max. 100 V ^) 


*) Direct voltage or effective value of alternating voltage. 


APPLICATIONS 

The EM 4 can be used in all A.C. or A.C./D.C. receivers incorporating diode rectifica¬ 
tion, so long as the signal strength at the diode detector is sufficiently great (super¬ 
heterodynes). The electronic indicator should for preference be connected to the 
diode load resistor; connection to the A.G.C. diode in the case of delayed control 
has fhe disadvantage that the indicator will not then function on signals which are 
below the delay level. Since the more sensitive side of the EM 4 is otherwise designed 
to permit of exact tuning on weak signals and will do so even when the signal is below 
the delay level, it is advisable to connect the grid of the EM 4 directly to the detector 
diode. In this way, moreover, the control voltage rises more quickly during tuning, 
because the signal voltage at the diode is taken from the second tuned circuit in the 
I.F. band-pass filter, whilst the signal voltage for the A.G.C. diode is usually derived 
from the first tuned circuit. 

The apparent sensitivity is thus greater at the detector diode than at the A.G.C. diode. 
Fig. 9 is a typical example of a superhet receiver circuit incorporating the EM 4. 
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Here the grid receives the fuU control voltage across the load resistor of the detector 
diode. An R.C.-filter circuit is provided to suppress low frequencies existing across 
the load resistor. Nonetheless, in many cases the signaU on the diode will be too 
strong and it will be found necessary to cut down the direct voltage across the load 
resistor by means of a potential divider. In this, however, care should be taken 
to see that the A.C. resistance (liw) of the diode circuit is not reduced too far, as 
this will have a bad effect on the ratio of to Bfo and the maximum modulation 
depth for undistorted rectification will be reduced; this can be avoided by using 
high-ohmic resistors for the potential divider. Actually the same applies to the 
resistance of the R.C.-filter circuit shown in Fig. 9. In general it will be necessary 
to ensure that the direct voltage on the grid of the EM 4 corresponding to the strongest 
anticipated aerial signal is just sufficient to produce the smallest possible shadow 
sector a 2 of the less sensitive side of the indicator. If this can be done the indications 
will be excellent. The sensitivity values of the two indicator sections are such that 
in the majority of cases accurate tuning will be possible on the weakest signals; but, 
if even greater sensitivity is required on very weak signals, this can be obtained only 
at the expense of the 
deflection on the 
stronger signals. 

Should the resonance 
curve of the receiver 
exhibit two peaks, 
the indicator may 
possibly give a maxi¬ 
mum deflection on 
one of the sidebands, 
and every care must 
be exercised in en¬ 
suring that the band¬ 
pass filter produces a 
single pt^ak only. 

When the indicator 
is used in low voltage 
A.C./1).C. receivers, 
efforts must be made 
to see that the screen 
i-eceives the highest 
}K>8sible potential; 

otherwise the brightness of the fluorescence will be too low. It may also be found 
that on a 100 V supply the high-sensitivity section of the indicator gives only a 
slight indication, and this can be explained in the following manner. 

The grid circuit of the EM 4 must include a resistor of from 1 to 2.5 megohms 
with a decoupling capacitor to filter out any modulation on the load resistor of 
the detector diode (see Fig. 9). With no signal, grid current flows, which produces 
a potential of about 1 V negative, across this resistor. Since the grid swing of the 
sensitive side of the indicator is only about 2.6 V on a supply of 100 V, this negative 
potential of 1 V considerably reduces the deflection of the shadow sector; 10 
demonstrates the actual eflect of a grid resistor of 1 and 2.5 megohms respectively 
(chain-dot and dotted lines in fig. 10). 

On high supply voltages this effect is not so marked, because the grid swing of the 
sensitive unit is then much greater, although the effects of grid current are, never¬ 
theless, perceptible. 

in view^ of the above, the sensitive side of the indicator is not generally used in 
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Fig. 9 

Theoretical circuit diagram showing the EM 4 in a superheterodyne 
r(><‘eivcr. The diagram reproduces the l.F. and A.F. sections oj^y. 



EM 4 


receivers operating on a supply of 100 V and, as the less-sensitive part is then much 
more sensitive than normally on 260 V, approximating more closely the charactedstic 
of the EM 1 at 250 V, this section of the indicator will give a much more satisfactory 
range of deflection on average signal strengths. 

In A.C./D.C. receivers operating on 100 V it is also possible to short the two anodes 
of the triode and feed them through a common resistor of 1 megohm, and the 


Fig. 10 

FuH line. Shadow angles at 
and aa measured at the edgt' 
of the screen, as a function ol 
the grid potential on 100 \ 
supply, with no resistor 
connected in scries aith the 
grid. 

Chain-dot line. The same witii 
a resistor of 1 megohm con¬ 
nected to the grid. 

Dotted line. The same with a 
resistor of 2.6 megohms in 
series with grid. 

As from — 1 2 V, the three 
curves coincide. 


characteristics in Fig. 11 show the vvorking conditions under this arrangement, 
which ensures a marked variation in the shadow angles following upon voltage 
variations on the grid, even at potentials below the control level. The curve of the 
shadow angle plotted against the control voltage now lies roughly between that of 
the more sensitive section of the EM 4 and that of the low sensitivity side on a 
supply of 250 V. In Fig. 11 the shadow angle refers to a grid resistor of 2.5 megohms; 
at lower values of the control voltage it is true that the bend in the curve caused 
by grid current is plainly to be seen, but this bend is nevertheless not nearly so 
marked as in the characteristic shown in Fig. 10. At a grid potential of 0 V the 
mutual conductance is higher, from which it follows that the indicator sensitivity 
is greater. This arrangement will give a maximum shadow angle of about 70", which 

is quite sufficient for all 
tuning purposes; both 
the shadow angles of the 
EM 4 are them the same, 
as is also the angular 
variation in the two 
sectors. 


Fig. 11 

Shadow angle a of the two 
sectors, and screen current Ii 
as functions of the grid voltage 
on 100 y supply, with the two 
anodes interconnected and fed 
through a resistor of 1 
megohm. A resistor of 2.6 
megohms is connected to the 
grid. 
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EZ !2 Rectifying valve 


d a' 





The EZ 2 is an indirectly-heated full-wave 
rectifying valve, speciaUy designed for car radio 
receivers. The heater is fed from the car battery 
at 6.3 V and for this reason the heater-current 
consumption has been kept as low as possible. 
The optimum D.C. output is sufficient to operate 
a normal car radio receiver, not including energizing 
current for a loudspeaker. 
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HEATER RATINGS 


Fig. 2 Heating: indirect by A.C. or D.C. 

Arrangement of Heater voltage. 

electrodes and xt i. x 

base connections. Heater current. 


Fig. 1 

Dimensions in mm. 


Vf = 6.3 V 
If = 0.4 A 


MAXIMUM RATINGS 


Voltage on no-load, across the secondary" winding 

of the power transformer. Vtr 

D.C. output. lo 

Voltage between heater and cathode (absolute peak 

value). Vfk 

Internal resistance of the power transformer (per 

anode). Ri 

Capacitance of first smoothing capacitor at 

Fir = 2 X 350 Veff. r 

Capacitance of first smoothing capacitor at 

F«r = 2 X 300 Veff. C 


max. 2 X 350 Veff 
max. 60 mA 

max. 500 V 

min. 600 ohms 

max. 16 

max. 32 fjiF 


As rectifying valve in a car radio receiver, the direct voltage with a superimposed 
ripple voltage between the filament — which is connected to the car chassis 
through the battery — and the cathode which is taken directly to the positive 
H.T. side of the first smoothing capacitor must be accepted as such. 

At such time as the rectif 3 ring valve is not loaded a potential occurs between these 
components equal to the peak value of the voltage applied to the valve. The maximum 
permissible voltage between heater and cathode is 500 V, i.e. the maximum peak 
value of the alternating anode voltage, whilst the optimum value of the direct current 
delivered is 60 mA, this being an absolute value, applicable also to alternating voltages 
of 2 X 300 V(eflr). 
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Fig. 4 

Loading curves for the rectifying valve £Z 2, for 
voltages of 2 X 300 and 2 x 350 V on no load, 
across the secondary winding of the power 
transformer, and with respect to different values 
of the internal resistance of the rectifier circuit. 
The input capacitance is at most 16 wF on 
2 X 350 V, or 32 /iF on 2 x 300 V. If the 
internal resistance of the power transformer 
is less than the minimum of 600 ohms, it must 
be increased to that value by means of an extra 
resistor in series with the half-secondary. 
Rt = it* + itj + n* Rp 
Rp «= resistance of primary winding. 

R9 = resistance of half secondary winding, 
n *= transformer ratio; prim, winding/sec. 
half-winding. 

Ri ~ additional resistance when total resis¬ 
tance is too low. 



























































EZ 4 


EZ 4 Rectifying valve 





a‘ 




The EZ 4 is in indirectly-heated full-wave recti- maxJZ 
fying valve for use in high-power receivers and 
small amplifiers. With the two anodes shorted 
the valve can be used as a half-wave rectifying 
valve, and two valves connected in this manner 
provide a full-wave circuit that will give a high 
voltage with considerable power. The optimum 
power thus delivered is twice the value that can be 
obtained from a single EZ 4, the two valves giving 
350 mA with 2 X 400 V A.C. across the secondary 
winding of the power transformer. 

The dimensions of this valve are unusually small; 
notwithstanding the low current consumption, the output is, rela¬ 
tively speaking, exceptionally high. 



Fig. 2 

Arrangement cjf HEATER RATINGS 
electrodes and 

base connections. Heating: indirect by A.C. 

Heater voltage.^ / ~ ^ 

Heater current. ^ 


MAXIMUM RATINGS 


Voltage, on no load, across the secondary winding 

of the power transformer. 

D.C. output.. 

Voltage between heater and cathode. 

Internal resistance of the power transformer, at 

Vtr ~ 2 X 300 Veff (per anode). 

Internal resistance of the power transformer, at 

Vtr 2 X 350 Veff (per anode). 

Internal resistance of the power transformer, at 

Vtr — 2 X 400 Veff (per anode). 

Capacitance of the first smoothing capacitor at 

Ffr - 2 X 350 Veff and 2 X 400 Veff. 

Capacitance of the first smoothing capacitor at 
Vtr 2 X 300 Veff. 


Vtr =■- max. 2 X 400 V'eff 
lo — max. 175 niA 
yjk - 0 V >) 

Rt - min. 200 ohms 

Rt — min. 250 ohms 

Rt — min. .*U)0 ohms 

C = max. 16 fiY 

C — max. 32 /iF 


*) The cathode must in every case be connected to one side of the heater. 


The heater of the valve must not be included in the heater circuit of the receiving 
valves, but a separate winding should be provided in the power transformer; the 
cathode should be connected directly to one end of the heater. Of the smoothing 
capacitors, the first may be increased in value from 16 to 32 ^F, provided the A.C. 
voltage is reduced to 2 x 300 Veff. Owing to the very low internal resistance of 
this rectifying valve, not much heat is developed and it is therefore not necessary to 
take any special precautions in the design of the receiver or the mounting of the 
valve to ensure ventilation. 
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Fig. 4 

Loading characteristics of the rectifying valve 
£Z 4, for voltages of 2 x 300, 2 x 350 and 
2 X 400 V(eff) across the secondary winding of 
the power transformer, for different values of 
the Internal resistance of the transformer. 
The input capacitance C of the filter is at most 
32 llF on 2 X 300 V(eff), or Itt uF with 2 x 860 
and~2 x 400 V(eff). If the Internal resis* 
tance of the transformer is less than the 
minimum value it must be raised to this 
minimum by means of an extra resistor iii in 
series with the half-winding of the secondary, 
iff — ifs + JSj -f n'ifp 
ifp = resistance of primary winding 
if« resistance of the half-secondary winding 

n - transformer ratio; primary winding/ 
half-secondary winding. 

Iti - extra resistance when total resistance 
is too low. 
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AZ 1 


AZ 1 Rectifying valv^- 


This is a directly-heated, full-wave rectifying valve for medium- 
power receivers operating on normal working voltages. 

FILAMENT RATINGS 
Heating: direct by A.C. 

Filament voltage. . . F/ — 4 V 

Filament current. . . // = 1.1 A 







Fig. 1 

Dimensions in ram. 
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A7BZ7 

FiK 2 

Arrangement of 
electrodes and 
base connections. 


MAXIMUM RATINGS 

Voltage, on no load, at the secondary binding of 


the power transformer. Vtr 

D.C. output on Ffr = 2 X 500 Veff . h 

D.C. output on Fir -= 2 X 400 Veff . h 

D.C. output on Vtr = 2 X 300 Ven. h 


Capacitance of the first smoothing capacitor. . . . C 


2 X 500 V(eff) 
max. 60 xxlA 
max. 75 mA 
max. 100 mA 
max. 60 


K the valve is to be mounted horizontally, it should be located so that the filament 
lies in the vertical plane. 
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AZ 4 


AuZ 4 Rectifying valve 

The AZ 4 is a directly-heated full-wave rectif 3 dng valve for 
receivers consuming a heavy current. 

FILAMENT RATINGS 
Heating: direct, A.C. 

Filament voltage.F; = 4.0 V 

Filament current.// -- 2.3 A 


max 51 , 

- 

1 


w 

1 





Fig 3 

<’urrcnt per anode, as a func¬ 
tion of the applied direct 
A oltage. 


Fig. 1 

Dimenaiona in mm. 





f f 



40 


Fig. 2 

Arrangement of 
baae connections 
and electrodes. 


MAXIMUM RATINGS 

Voltage, on no load, across the secondary \^inding 


of the power transformer. Vu max. 2 X 500 Veff 

D.(\ output with Fir = 2 X 500 Veff./« - max. 120 mA 

D.C. output with Fir = 2 X 400 Veff. h ~ max. 150 mA 

D.C. output with Vtr 2 X 300 Veff./o max. 200 mA 

Capacitance of the first smoothing capacitor. . . . C - max. 60 fiF 


For medium-power amplifier equipment t\\o AZ 4 valves each working as a half-wave 
rectifying valve (anodes connected in parallel) may be used in a full-wave rectifier 
circuit. 

If the valve is to be mounted horizontally it should be located so that the filament 
lies in the vertical plane. 
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Fig 4 

Loading characteristics for transformer voltages, 
on no load, of Vtr =» 2 x 300 V and 2 x 600 A 
and with respect to different values of the inter 
nal resistance of the transformer 
(Rt = Rs + n* Rp + Ri) 
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Valves for A.C./D.C. receivers 



receivers 


Valves for A.C./D.C. 

Valves for operating on both alternating and direct current are referred to briefly 
as A.C./D.C. valves. A full range of Philips valves is available for such receivers, 
all working on a heater current of 200 mA, which represents quite a low current 
consumption in the heater circuit. The original series of A.0./D.C\ valves comprised 
the following: 


Type 

No. 

Typo of valve 

Heater 

voltage 

CB 2 

Double diode. 

13 V 

CBC 1 

Double-diode-triode. 

13 V 

(X 2 

Triode. 

13 V 

CF 3 

Variable-mu pentode. 

13 V 

CF 7 

Pentode. 

13 V 

CH 1 

Hexode . 

13 V 

CK 1 

Octode. 

13 V 

CL 1 

6 W output pentode (also for car radio) . 

13 V 

CL 2 

8 W output pentode. 

24 V 

CL 4 

Steep-slope 9 W output pentode*. 

33 V 

CY 1 

Half-wave rectifying valve. 

20 V 

CY 2 

Half-wave rectifying valve and voltage 



doubler. 

30 V 


This range has now been completed by the addition of a 4-channel octode, the (’K 3, 
a double-diode pentode CBL 1 and a steep-slope output pentode for low mains 
supplies, the CL 6. 

Of the modern “Miniwatt”, E-type valves, quite a number are also suitable for 
A.C./D.C. receivers, namely those whose current consumption is 200 mA at 6.3 V; 
these valves can be connected with their heaters in series with any other specific 
A.C./D.C. valves and comprise the so-called pre-amplifiers, such as R.F. pentodes, 
frequency-changers and A.F. amplifiers; output valves and rectifying valves in general 
require more heater power than 1.26 W and their current consumption is therefore 
more than 200 mA. They arc, of course, not suitable for series feeding. In the design 
of A.C\/D.C. receivers, incorporating the red“E”-type valves, a choice must be 
made from among the valves in the existing range as far as output and rectifv"ing 
valves are concerned. For the mixer stage the triode-hexode E(’H 3 is recommended. 
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In order to complete the range of A,C./D.O. valves, using the 1.26 W, E-types, the 
following should also be added. ^ 


Type 

No. 

Type of valve 

Heater * 
voltage 

(BL 1 

Double-diode output pentode. 


(^K 3 

4-channcl octode. 


CL 4 

Hteep-slope output pentode. 


CL 6 

Steep-slope output pentode for 100 V supply 

36 V 

CY 1 

Half-wave rectifying valve. 

20 V 

(^Y 2 

Half-wave rectifying valve and voltage 
doubler. 

30 V 


In the following |)ages the data and characteristics of the 200 mA valves are given; 
the rc‘d pre-amplifier valves (E-type) have already been fully described in the fore- 
going. 
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GiBL 1 


CBL 1 Doable-diode ontpnt pentode 


The CBL 1 is a combination of double-diode and steep-slope pentode 
for A.C./D.C. receivers, both units being housed in a common 
envelope; the cathode is also common to both. 

The pentode unit is comparable with the high-mutual-conductance 
output pentode CL 4. 

In view of the considerable heater power required, the heater 
voltage, with a current of 200 mA, is 44 V. The two diodes are 
mounted below the pentode section, on each side of the cathode, 
with the anodes, which are almost semi-cylindrical in shape, level 
with each other; the diodes are, therefore, electrically identical. 
Further, the diode unit is separated from the pentode section by 
a screen and, to ensure that the grid of the pentode cannot be 
affected in any way by the diodes, and also to prevent hum, the 
control-grid connection is taken out to a top cap on the envelope. 


S2ma3c 
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FIk 1 

Dimensions in mm. 


HEATER RATINGS 

Heating: indirect by A.(\ or D.C., series supply. 

Heater voltage. 

Heater current. 


CAPACITANCES 


^affi 

< 

1.0 


C'd'f 

< 

0.5 

fi/iV 

C/a 

< 

0.2 

UtiY 

(-'fS 

< 

1 

rniF 


< 

0.4 

JU/4F 

i-'dk 


3.5 

IdfiY 

gi 

< 

0.15 

fifi¥ 

('dk 

- 

3.6 

|i^lY 

^'d(/i 

< 

0.15 

fi/ie 

Cdd 

< 

0.25 

/tfiF 


OPERATING DATA 


Anode voltage. 

Screen-grid voltage. 

Cathode resistor. 

Grid bias. 

Anode current. 

Screen-grid current. 

Mutual conductance. 

Internal resistance. 

Load resistor. 

Output power with 10 % distortion . . 
Alternating input voltage for 4 W output 
Sensitivity (Wf, - 50 mW). 


Va 
1 «/2 
Rk 

IV. 

la 

S 

Jta 

V, 

\\ 



/ 



200 V 
200 V 
170 ohms 

- 8.5 V 

- 45 mA 

- 6 mA 

- 8 mA/V 
40,000 ohms 

- 4,500 ohms 

- 4 W 


Fig. 2 

Arrangement of 
electrodes and 
base connect ion® 


- 5 Vetr 
= 0.5 Veff 
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GBl 1 


MAXIMUM RATINGS 
Pentode section: 

Vao 
Va 
Wa 


gto 


max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 


W„(Vi=0) 

Wg 2 (Wo ~ max) 

h 

Vgi (^g\ = + 0*3 A*A) max. 
Rgih = max. 

Rfk *= max. 

= max. 

>) Direct voltage or effective value 
> olta^e 


660 V 
260 V 
9 W 
660 V 
260 V 
1.2 W 
2 W 
70 mA 
—1.3 V 
1 M ohm 
6,000 ohms 
176 V 1) 

of alternating 



Fig 3 

Anode and screen current as a function of the grid 
bias at Fo « Fg* « 200 V. 


Diode section: 

Voltage on anode of diode = max. 200 V 

Diode current - la =- max. 0.8 mA * » 

Diode voltage at diode current start (Id - /d' + 0.3 fJiA) Va — Va max. -1.3 V 

The characteristics relating to the increase in the voltage (A V) across the grid leak* 
as plotted against theim modulated R.F. voltage, and for the A.F. voltage Vlf across 
the grid leak as a function of the 30 % modulated R.F. voltage applied to one of the 
diodes, are exactly the same as those of the EB 4, so for these data the reader is referred 
to the last>mentioned valve. 

Grid bias must be provided only by means of a cathode resistor; semi-automatic 
bias is also permissible, but the cathode current of the valve must then be definitely 
in excess of 60 % of the total current passing through the resistor producing the 
voltage drop. 

In general, the capacitance of the decoupling capacitor should be at least 2 /iF, but 
tor better reproduction of the lower audio frequencies an electrolytic capacitor of 
25 tot 60 /iF capacitance is better. Leads to the valve contacts should be kept as 
short as possible and a resistor of about 1000 ohms in the control-grid lead will 
often be found necessary. 

It should be observed that any A.F. amplification between the detector diode and the 
pentode section of the valve may possibly give rise to trouble due to hum or micro¬ 
phony. Any such amplification should therefore not exceed at most 16 times. 

Tables I and II provide an idea of the power delivered, having regard to the voltage 
drop across the output transformer. The theoretical circuit diagrams employed to 
obtain the values given in these tables are depicted in the figures relating to the 
EL 2 valve. 
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FiR 4 

Anode current as a function of the anode voltage at Vg^ ~ 200 V 
for different values of grid bias. 
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Fig. 5 

Alternating grid voltage and total distortion as functions of the 
output power. 


















CBL^l 


TABLE I 

Output power and grid input voltage as functions of the voltage drop in the output 
transformer, on an effective anode voltage of 200 V D.C. 

la = 46 mA 


Effec¬ 
tive 
D.i\ 
volts 
on the 
anode 

IV(V) 

Supply 

volt^e 

VbiV) 

Screen- 

Jtrld 

scries 

resistor 

ityt 

(ohm) 

Volt- 

age 

drop 

across 

output 

transf. 

Vtr (V) 

With 10 % distortion 

With 5 % distortion 

Loss in 
power in 
output 
transf. 

TFtfxJno 

Wo 

(%) 

Ext. 

anode 

res. 

Ra 

(ohm) 

Alt. 

grid 

volts 

Vi(Veff) 

Output 

power 

TFo(W) 

Ext. 

anode 

res. 

Ra 

(ohm) 

Alt. 

grid 

volts 

Ft (Ve/7) 

Output 

power 

Wo{Vf) 

200 

200 

0 

0 

4,500 

4.4 

4.0 

4,500 

2.7 

2.1 


200 

210 

1,800 

10 

4,600 

4.3 

3.7 

4,500 

2.6 

1.8 

10 

200 

220 

3,400 

20 

4,600 

4.25 

3.6 

4,500 

2.4 

1.6 

20 

200 

230 

6,000 

30 

4,500 

4.2 

3.5 

4,600 

2.3 

1.5 

30 

200 

250 

8,500 

50 

4,500 

4.1 

3.3 

4,500 

2.3 

1.5 

50 


TABLE II 

Output power and grid input voltage as functions of the voltage drop in the output 
transformer when the screen and supply voltage — 200 V. 

la = 45 mA 


Effec¬ 
tive 
D.C. 
volts 
on the 
anode 

Va (V) 

Supply 
\ oltage 

Vb{\) 

Screen- 

grid 

voltage 

Vy,(V) 

Volt¬ 

age 

drop 

across 

output 

transf. 

Ffr(V) 

With 10 % distortion 

With 5 % distortion 

Loss In 
power in 
output 
transf. 

IFfrx 100 

Wo 

(%) 

Ext. 

anode 

res. 

Ra 

(ohm) 

Alt. 

grid 

volts 

Vi{\e0) 

Output 
poM er 

iro(W) 

Ext. 

anode 

res. 

Ra 

(ohm) 

Alt. 

grid 

volts 

vayeff) 

Output 

power 

IFo(W) 

200 

200 

200 

0 

4,600 

4.4 

4.0 

4,600 

2.7 

2.1 

0 

190 

200 

200 

10 

4,200 

4.4 

3.5 

4,200 

2.5 

1.85 

11 

180 

200 

200 

20 

4,000 

4.3 

3.4 

4,000 

2.6 

1.75 

22 

170 

200 

200 

30 

3,800 

4.3 

2.9 

3,800 

2.7 

1.65 

36 

160 

200 

200 

50 

3,350 

4.2 

2.6 

3,350 

2.9 

1.65 

66 


Noiei The loss of power due to the resistance of the output transformer is calculated 
on the assumption that iJprim = w* i?8ec- 
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CK 3 


CK. 5 Octode 

This is an octode of the 4-channel t 3 rpe; with the exception of the 
heater ratings it is similar to the EK 3, for A.C./D.C. receivers. 
With a view to its use on 100 V mains, the sixth grid has been 
modified slightly, but the data as given for the EK 3 also apply 
to this valve, which offers the same advantages with respect to 
frequency drift, induction effect, conversion conductance, cross¬ 
modulation, oscillator slope, etc. 



Fitl. 3 

Conductance of the 4fh grid as a function of the direct voltage on 
grid 1. 


HEATER RATINGS 

Heating: indirect, A.C. or D.C., series supply. 

Heater voltage. 

Heater current .... 


CAPACITANCES 


Cagi 

<0.1 nfiY 


- 1.1 ///iF 

Ca 

= 16.6 fifiY 


— 8.6 /i//F 

166 

= 14 nfxY 


= 16.2 /i/tF 


,max^ 



£rr€S 

Fig. 1 

Dimensions in mni 





1^ 35 ^1 

Fig. 2 

Arrangement of 
electrodins and 
base connections. 


1> - 19 V 
If = 0.200 A 












CK 3 


lgt(ltA) fgfffiA) 

SciftAM R,{MIV Sc(uA/i/) » 



Fig. 4 

Intornal rosUtanco, conversion conductance 
and oscillator-gnd current as functions of the 
osi'illator voltage, for a grid leak of 50,000 ohms, 
Mith Va -- 200 V. 


Fig. 5 

Internal resistance, conversion conductance 
and oscillator-grid current as functions of the 
oscillator voltage, for a grid leak of 50,000 ohms, 
with Va = 100 V. 


OPERATING DATA: GK 3 used as frequency-changer 


200 V 

Anode voltage. Va ~ 200 V 

Screen-grid voltage.100 V 

Oscillator-anode voltage. V^^ — 100 V 

Grid leak, oscillator. Rg^ — 50,000 ohms 

Alternating oscillator voltage, grid 1 . . . . IVi(ogc) ~ 12 Veff 

Oscillator-grid current.300 fiX 

Cathode rt»sistor. Ri- =^190 ohms 

Bias, grid 4. Vg, - —2.5 V ») —38 V *) —42 V *) 

Anode current./« - 2.5 mA — — 

Screen-grid current .... 7^3 -f Ig- 5.5 mA — — 

Oscillator-anode current . . Iq^ - 5 mA — — 

Conversion conductance . . AV 650 6.5 3 /tA/V 

Internal resistance . ... Ri 1.7 >10 > 10 M ohms 


Conductance: grid 1 with 
respect to grid 2 ( Fo«c 0) Sgig^ — 4 mA/V — 
Oscillator-anode current at 
threshold of oscillation 

{^ 09 C — 0). Ig^ ~~ 18 mA — 

*) Without control. 

•) (’onductanco reduced to onc-hundredth of uncontrolled value. 

•) Limit of control. 
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GK 3 


100 V 


Ancxfe'^oltage. Va = 100 V 

Screen-grid voltage.= 100 V 

Oscillator-anode voltage.= 100 V 

Oscillator grid leak .... .iff. = 60,000 ohms 

Alternating oscillator voltage, grid 1 . . . . F^i(o8c) 12 Veir 

Oscillator-grid current.300 juA 

Cathode resistor.i?A* - 176 ohms 

Bias, grid 4. Vg, -^2.3 V —38 V ‘^) —42 V ») 

Anode current. -= 2.5 mA — — 

Scoeen-grid current .... 4 -- 5.5 mA — — 

Oboillator-anode current . . 7^2 - 5 niA — — 

Conversion conductance . . 650 6.5 3 fiAfV 

Internal resistance , Ji^ 0.7 >10 > 10 M ohms 


Conductance, grid 1 with re¬ 
spect to grid 2 (Vosc = 0) Sg^gz 4 mA/V — 

Oscillator-anode current at 
threshold of oscillation 

(Vote ==^0). Igi - 18 mA — 


*) Without control. 

•) Conductance reduced to one-liundredth of uncontrolled value. 
•) Limit of control. 


MAXIMUM RATINGS 


Anode voltage in cold condition. Vao 

Anode voltage. Va 

Anode dissipation. Wa 

Screen voltage in cold condition. ^ 

Screen voltage. 

Screen dissipation.irj, 3,5 

Oscillator-anode voltage, cold. Vg^o 

Oscillator-anode voltage. Vy^ 

Oscillator-anode dissipation. 

Cathode current. Ik 

Grid voltage at grid current start (Ig^ — -h 0.3//A) Vg^ 
External resistance between grid 4 and cathode . Rg^k 
External resistance between grid 1 and cathode . Rg^k 

External resistance between heater and cathode . Rfk 

Voltage between heater and cathode (direct voltage 
or effective value of alternating voltage).... F//. 


— max. 550 V 
-- max. 300 V 

— max. 1 W 

— max. 650 V 
= max. 150 V 

max. 1 W 

— max. 650 

- max. 150 V 

— max. 1 W 
= max. 23 mA 
=- max. —1.3 V 

-= max. 3 M ohms 
max. 100,000 ohms 
-- max. 20,000 ohms 

= max. 100 V 


The frequency drift in this octode will be at its minimum when the tuned oscillator 
circuit is coupled to the oscillator anode; the coupling coil is then connected to the 
control grid and Fig. 7 shows the method of arranging the feeds. The direct voltage is 
applied to the oscillator anode across a resistor of 30,000 ohms. 
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GK 3 


The direct voltage on the oscillator anode must be 100 V; on 110 V mains thh^ is of 
the same order as the supply voltage and the serieii resistor should then adiaaUy 
be much less than 30,000 ohms, but this, again, is not feasible since the oscillator 
circuit is damped by this resistor and either the oscillator voltage in the short 
and medium ranges would then be too small, or it would not be possible to maintain 
it. An alternative method is to use the CK 3 in the other tjrpe of circuit, shown in 
Fig. 8, although a drawback to this arrangement is that extra contacts have to be 
provided in the wave-change switch for changing over the padding capacitor Cp. 

However, Fig. 9 oflPers a better solution 
that can be quite serviceable on a high 
intermediate frequency, provided 
the padding capacitance is kept fairly 
small. In the long-wave range, for in¬ 
stance, this capacitance is of the order 
of 200 /i/^F, but this is insufficient for 
by-passing the feed resistor of 6,000 
ohms and would produce too much damp¬ 
ing of the oscillator circuit; in the other 
wave ranges, in which is of a higher 
value, this does not apply to such an 
extent, so that the type of circuit shown 
in Fig. 7 may be used for the long-wave 
range and that of Fig. 9 for the other 
ranges; the combined circuit is shown in 
Fig. 10. On long waves, when switches 
and 82 are open, the circuit closely 
resembles that of Fig. 7, although the 
feed is not applied at the extreme “top'’ 
of the circuit. The oscillator circuit is 
thus fairly heavily damped by the resist¬ 
or of 6,000 ohms, but on long waves 
it is not a difficult matter to obtain a 
sufficiently tight coupling. 

On the medium waves, with 8 ^ closed, 
the circuit is as shown in Fig. 9; the 
padding capacitor is large enough, as is 
also the case for the short waves. 

If it is necessary to isolate the tuning 
capacitor from the D.C. supply of 100 V, 
a fixed capacitor of fairly high capacitance 
is placed in series with it, although this 
is superfluous if the tuned oscillator 
circuit is connected to the first grid. The 
frequency drift due to control of the 
voltage on the 4th grid is then somewhat more, but this must be accepted if 
control on the valve is essential. 

ft should be noted that no account has been taken of the 100 V D.C. occurring on the 
contacts of the wave-change switch and in many instances this will not be acceptable 
in view of prevailing safety precautions. High-capacitance isolating capacitors then 
have to be included, but if this is considered too costly the only alternative is to 
connect the tuned oscillator circuit to the first grid. 



FIk fl 

tapper diagram. Input signal as a function of 
the conversion conductance as controlied by 
the bias on the 4th grid, >»ith 1 % cross-modula¬ 
tion. (Conductance and voltage on logarithmic 
scale) 

Centre diagram. Input signal as a function of 
the conversion conductance as controlled by 
the bias on the 4th grid, with 1 % modulation 
iium. (Conductance and voltage on logarithmic 
scale) 

htneer diagram. Conversion conductance and 
anode current (logarithmic scale) as a function 
of the bias on grid 4 (on linear scale). 
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GK 3 



Oscillator anode fed through a resistor of 30,000 ohms. This 
circuit IS not suitable for the CK 3 when used on 100 V supply. 



FIk 8 

Oscillator anode fed throuKii the tuning coil. This arrauf^e* 
mcnt is suitable for 100 V supply but lias the dlsadvantap'e 
that the padding capacitors for the ditferent wave range 
have to bo switched. 
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CL 4 


CL 4 Oatpnt pentode 


f The CL 4 is an indirectly-heated 9 W output pentode 5C 

of hi^h mutual conductance, especially for use in 
f 1 g.i A.C./D.C. receivers; it lends itself admirably to ^ 
I g/ the construction of simple types of receivers. As the J 
4^2^ mutual conductance, as stated, is very high, the ' 
heater power is also on the high side; the current 
with 33 V is 200 mA. 

^ The CL 4 may be employed either as a Class A j 

amplifier or in balanced output circuits, and in the I_ 

instance will deliver 8 W with 1.5 % distor- ^ 
tion; uith a potential of 250 V on both anode and 
U \\ screen, as much as 13.5 W can be obtained from 

^ valve with 5.7 distortion (the anode-to-anode 
load is 6,000 ohms). The cathode biasing rt'sistor 
must then be 175 ohms and the alternating grid 
35 voltage 12.5 V(eflf), per grid. 

2 HEATER RATINGS 

^iectrSIe8°and^ Heating: indirect, by A.C. or D.(\, serums siipplv. 

base connections. Heater voltage. Vj 

Heater current .... ... . // 

CAPACITANCES 

Anode-grid. ‘ 

OPERATING DATA: CL 4 used as single output valve 



Via I 
Dimensions i 


Cathode resistor. 
Grid bias. . . . 


Screen-grid current 


Cathode resistor. 

Anode current (without signal) . . . 
Anode current at max. modulation . 
Screen-grid current (without signal). 


Output power at max. modulation . 
Total distortion at max. modulation 


. . Va 

200 V 

. . 1 72 

200 V 

. . Hk 

170 ohms 

• • ^ f71 

—8.5 V 

. . In 

45 mA 

. . ]q2 

6 mA 

. . .V 

8 mA/V 

. . H, 

35,000 ohms 

. . Ra 

4,500 ohms 

. . Wo 

4 W 

. . r. 

5 Veflf 

. . y, 

0.5 Veil 

i stage (2 

valves) 

. . Va 

200 V 

• • ^^J/2 

200 V 

. . 

135 ohms 

J no 

2 X 33 niA 

• ■ fainax 

2 X 40 mA 

• • ^g2o 

2 X 3.5 mA 

• • Jg2n\&x 

2x6 mA 

• • Raa 

4,500 ohms 

. . Wo 

8 W 

. . 

1.6% 
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CL 4 


MAXIMUM RATINGS 


Vao 

= max. 400 V 

Va 

~ max. 250 V 

Wa 

max. 9 W 

^ gv) 

~ max, 400 V 

Vg» 

max. 250 V 

Wgt 

— max. 2 W 

h 

= max. 70 mA 


4-0.3/iA)= max. —1.3 V 


= max. 1 M ohm 

Hfk 

= max. 5,000 ohms 

V/k 

~ max. 125 V') 


’) Direct voltage or effective vaiiie of alternating 
voltage. 



Va = Vgt »= 200 V. 


(irid bias is to bo obtained only by means of a cathode resistor; semi-automatic 
bias may be employed provided that the cathode current of the valve is more than 
50 °o of the current passing through the resistor producing the voltage drop. The 
decoupling capacitor should, generally spcaidng, be 2 /iF, but for better reproduction 
of the lov'cr tones it is better to use an electrolytic capacitor of 25 to 50 juF, 

Ijcads to the valve contacts must be kept as short as possible, whilst a resistor 
of about 100 ohms in the control grid circuit is often desirable. Tables I and II relating 
to the CBL 1 also apply to this valve; they provide details of the output power, having 
regard to the voltage drop in the output transformer. The circuits employed for the 
measurements given in these tables are reproduced in the text relating to the EL 2. 

In balanced output circuits employing two type CL 4 valves, a suitable pre-amplifier 
is the EBC 3, the EF 6 connected as triode, or the CL 4, also connected as triode. 
A satisfactory ratio for the coupling transformer is 1 : (2 + 2) for the EBC 3 and 
KF 6 (as triode), or 1 : (3 + 3) for the CL 4 (as triode). 

The CL 4 is also very useful in A.C./D.C. receivers employing negative feed-back 
to reduce distortion and to improve the frequency-response curve of the amplifier. 
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CL 6 


OL 6 Output pentode 


skk:::;^! 


The CL 6 is a highly sensitive output pentode designed for use in 5 / 

A.C./D*C. receivers operating on low-voltage mains. In such cases _ 

the screen voltage needs to be about 100 V, this being the reason 
why the CL 6 , as well as the CL 2, has been designed on that basis. \ I 
With Va = Vg 2 = 100 V, the anode current is 60 mA, which gives ' ^ 

the CL 6 an output of 6 W. The mutual conductance is then 8.6 mA/V ^ 

and, when properly matched, the valve delivers 2.1 W with 10 % ^ 

distortion. The alternating grid voltage under these conditions is _ 5 

6.6 V(efr)> the sensitivity being 0.62 V(efr). 

The high mutual conductance of this valve is an advantage in that, 
in receivers designed to use the CL 4 as pre-amplifier valve, the Y—Y 
CL 6 can also be employed without any modification to the circuit. iwrj) 

In A.C./D.C. receivers for use on low-voltage mains, another advan- j 

tage of the steep-slope pentode is that, owing to the high conduct- Dimensions in mm. 
ance, the alternating grid voltage is very much lower than in 
an average output valve. As the bias is produced by means of a ^ 

cathode resistor, or by the voltage drop across a resistor in the 
negative H.T. line, and therefore reduces the amount of anode | 
voltage available for the output valve, it is obviously an advantage 
to ensure that the grid bias takes the smallest possible proportion 

of the direct voltage 
available. The necessary I 

bias for the CL 6 is 
250 —8.3 V, with Va = Vg^ 

100 V, as against 
—15 V in the case of the f f 

CL 2. The CL 6 thusm.A^Jj^=^^ 
, 2 gQ ensures a voltage which 

is 6.7 V higher, this ^ ^ 9 

being a not inconsider- 
able difference, on lo\^- Jw 

voltage mains. 

A.(\/D.C. receivers are ^ 
oftendesignedforswitch- ^ 

ing over from high to Arrangement of 

low-voltage mains and ^ electrodes and 
. . base connections. 

Vice versa, and m view 

of this the possibility of 
using an anode potential of 200 or 250 V 
has also been taken into account in the 
design of the valve; at the higher anode 
voltages it can be used as a 9 W output 
valve. The scrt»en potential must in no 
case exceed 125 V and should, therefore, 
always be applied through a resistor 
or potential divider. For A.C./D.C. sets 
^rrM operating only on high-voltage mains it 
Fig. 3 is more economical to use the CL 4. 

Anode current and sereim current as functions With 200 V on thp anorlp 100 V on 

of the grid bias, with Vg, - 100 V and Va = V , , ^ 

100 and 200 V. the screen, the mutual conductance is 


aaBaBBBaaaaBBBBaBBBBaBBaaBBaaaBBaaai 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

BBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBaBI 

BBBBBBBaaBBBBBBBBBBBaBBBBBBBBaBBBBB, 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb: 

BBaBBBBBBBBBBBBBBBBBBpB|tflM^^aaiH»# 

BaBMBBBBBBBBBBBBBBBBBL3^^Zli.ViiBBBr<ri 

BaBBBBBBBBBBBBBBBBBaBBanaaBaaaaa:^'li 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBa*'a 

BBBBBBBBBBBBBBBBBBBBBBflBBBBBBaBBf.fiB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBaaBB'iJB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBarBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr/JBB 

BBBBBBBBBBBBBBBBBBBBaBBBBBBBBBB’/aBB 

BBBBBBBBBBBBBBBBBBBaBBflBBBBBBBrfiBBBl 

-BBBBBBBBBBBBBBBBBBBBBBBBBBBBBriaBBB' 

-aBBBBI- 






■BBBBBBBBBBBBBB/.BBBB 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBB'/BBBBB 

BBBBBBBBBBBBBBBBBBBBBflBBaBBBrfiBBBBB 

BBBBBBBBBBBBBBBBBBBaBBBBBBBB'yaBBBaa 

BBBBBBBaBBBBBBBBBBiBBBBBBBBVriBBBaaa 

BBBBBBBBBBBBBBBBBBBBBBBBBBBryaaBBBBB 

zitiZiiztzzsimsmtmzzvAZiztzi 

BBBBBBBBBBBBBBBBBBaBaBBBfy'J.'^BBBBBBBB 

BBBBBBBiBBBBBBBBBBBBBife;a/iBB:^BBBBBBB. 

BBBBBBBiBBBBBBBBBBBBBBB'/aBBBBBBBBBBj 

BBBBBBBBBBBBBBBBBBBBBBVa- 

BBBBBBBBBBBBBBBBBBBBBVBB 
HaBBBBBBBBBBBBBBBBBP:^- 

;!rga;sss;Sa88B;5;^8 


^ Fig. 3 

Anode current and scre«‘n current as functions 
of the grid bias, with Fjz, = 100 V and Fo « 
100 and 200 V. 
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CL 6 




■■■■PSfUaiBBSBBaBaBBBaBraBUBBaMMiiiiBaBaaMBBBra 

■BriBiBiBBBBBB"!C;3SEtaNBBBBBaBBaBBBBBBBaBBaBBBBBEBa 
BBB’JiBBklBapsSaBiBBBBBBBBBBBBBaail- 

BfliBiW'aWBI-- 


_jiMBBBiil 

lamBBBBBBBWiBBBBaiil 


_fjiiiP»\awl_ 

BBriBiPSBBaBaBflBBBBBBBBBBBBBmiaaaai-- 

BBIliSaBanBBBBBBBBBBflBBQSSSLiBBaaBBBBBBI 
BBi^aBaBA.aBaBMM=:SaBBaBVBBBBBaBBBBBail 


iBBi^iBaBA.aBaBMM=:Sa1lBaBVBBBBBaBBBBBaBBBBBBB«BBBBB 

iBBfBBBBBBJiaV^K^BBaBBBBBIMiaBBBBBBaBBBBBBBBBBBBBBBBBB 



MNiBBar^BBBBBBBBBBBBBBBjUPliaBBBBBBl 

IBBMBBBBBS^C^aBBBaB-EasSMXBBBBBBl 

IBB—ii!gsss*«i>.?<«aiiagpaaBBBBirBaBBBBaB| 


8 mA/V, in which case 
the valve is similar to 
the CL 4. The output 
power with 10 % distor¬ 
tion is 4 W, the alter¬ 
nating grid voltage being 
5.6 V(eff). As receivers 
designed for switching 
to either high or low- 
voltage mains generally 
give some trouble in the 
switching of the biasing 
(cathode) resistor, the 
same resistor is employ¬ 
ed on a working voltage 
^ of 200 as on 100 V. 

With a view to ensuring 

* j ^ ^ ® current, in order to 

Anode current as a function of the anode voltage at I gt - 100 ^, i . • xi. i . 

A^lth grid bias as parameter. obtain the least possible 

voltage drop in the recti¬ 
fier smoothing circuit, it 

is usual to connect a resistor in series with the screen. 

The bias resistor for a working voltage of 100 V, is 140 ohms, from which it follows 
that the resistance in series with the screen, on 200 V, should be 27,000 ohms, this 
giving an output of 2.6 W with 8 distortion. In order to obtain a higher output, 
A.C./D.C. sets intended for use on low voltages are frequently provided with a bal¬ 
anced output stage, in which case the CL 6 delivers 4 W with 5 % distortion, on 
Fa - F„ == 100 V; the alternating grid voltage is 6.7 V(i.ff) per grid. In small 
portable amplifiers for operation on all mains voltages the CL 6 in a balanced output 
stage is very useful in view of its suitability for switching over from high mains to 
low and vice versa. On anode voltages of 200 and 250 V the power is quite consider¬ 
able, this being another 



feature in its favour in 
small amplifiers. A bal¬ 
anced circuit vith 125 V 
on the screens and 200 V 
on the anodes will deliver 
a maximum of 12 W 
with 1.8 % distortion, 
w'liilst with an anode 
voltage of 250, 13.5 W 
with 6.3 % distortion can 
be obtained. 

The grid connection of 
this valve is placed at 
the top of the envelope 
in order to keep hum at 
a minimum. 


IBBBBBBBBBBBBBBi tf ki ^ l 

ibbbbbbbbbbbbbbbbbbbI 

ibbbbbbbbbbbbbbbbbbbI 

ibbbbbbbbbbbbbbbbbbbI 



BBBBBBBBBaBBBBBBBBr;riBaBBBBBBBBBBBaB^itfBir.BBBBBBBBI 



Total distortion, 2nd and 3rd harmonic distortion and alternating 
grid voltage of the CL 0 when used as single output valve with auto* 
niatic bias. Va =» Fflf, = 100 V. 
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CL 6 





Total distortion and alternating grid voltage, CL 6 used as 
single output \al\e A^ith automatic bias \a 300 \, Rg — 
27,000 ohms. 
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CL 6 


HEATER RATINGS 

Heating: indirect by A.C. or D.C., series supply. 

Heater voltage. ... F/ — 36 V 

Heater current. ~ 0.200 A 


CAPACITANCES 

Anode-grid. Cagi < 0.5 fifiF 


OPERATING DATA: CL 6 used as single output valve 


Anode voltage. 

. . F„ - 

100 V 

200 V 

200 V 

Screen-grid voltage .... 

■ . Vy, - 

100 V 

— 

100 V 

Screen series resistor . . . 

. . Rgz 

— 

27,000 ohms 

— 

Screen decoupling capacitor 

. . ( V 2 

— 

.32 //F 

— 

Cathode resistor. 

. . Ri 

140 ohms 

140 ohms 

190 ohms 

Grid bias. 

. . 

— 8.3 V 

— 

—9.5 V 

Anode current. 

.. la 

.50 mA 

45 mA 

45 mA 

Screen-grid current .... 

■ ■ ly. 

9 mA 

4.5 rnA 

5.5 mA 

Mutual conductance .... 

. . S 

8.5 inA/V 

— 

8 mA/V 

Internal resistance .... 

. . R, - 

12,000 ohms 

— 

22,000 ohms 

Load resistor. 

. . Ra 

2,000 ohms 

6,000 ohms 

4,.500 ohms 

Output power. 

. . IF„ - 

2.1 W 

2.6 W 

4 W 

Distortion. 

• • dtot — 

10 % 

«% 

10% 

Alternating grid voltage . . 

. . - 

5.6 Veff 

3.8 Veff 

5.6 Veff 

Sensitivity (TF© = 50 mW). 

. . r, - 

0.62 Veff 

0.42 Veff 

0.47 Veff 

Amplification factor: grid 2 

with 




respect to grid 1 . . . . 

• • • /V2</1 

7.0 

— 

6.5 


OPERATING DATA: CL 6 used in balanced stage (2 valves) 


Anode voltage.F® — 100 V 

200 V 

200 V 

250 V 

Screen-grid voltage . , . Vy^ — 100 V 
Common screen series resistor 

— 

125 V 

125 V 

Bgz ~ 

10,000 ohms 

__ 

— 

Cathode resistor, per valve 




Rjc — 190 ohms 

190 ohms 

250 ohms 

.365 ohms 

Anode current (F, — OF) Iqo -= 2 x 42 
Anode current at max. modulation 

2 X 45 

2 X 45 

2 X 36 mA 

•^amax 2 X 42 

2 X 40 

2 X 51 

2 X 43 mA 

Screen current ( Fj = 0 F) Ig^o -= 2 X 7,5 
Screen current at max. modulation 

2 X 5.2 

2x5 

2 X 4.1 mA 

— 2 X 12.5 

2 X 6.2 

2 X 11.7 

2 X 12.5 mA 

Load resistor between anodes 




Raa - 3,000 

6,000 

4,400 

7,000 ohms 

Output power. Wo - 4 W 

Distortion at max. modulation 

6.8 W 

12.1 W 

1.3.6 W 

dtot 5.6 % 

3.5 % 

1.8% 

6.3% 

Alternating input voltage, per grid 




V^ - 6.7 Veff 

5.9 Veff 

11 Veff 

13.7 Veff 
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CL 6 


MAXIMUM RATINGS 


Anode voltage in cold condition./ 

Anode voltage. 

Anode dissipation. 

Screen-grid voltage in cold condition. 

Screen-grid voltage. 

Screen dissipation {Wo = max.). 

Screen dissipation ( = 0 F). 

Cathode current. 

Grid voltage at grid current start (Igi ~ + 0.3 fiA) 
External resistance between grid and cathode .... 
External resistance between heater and cathode . . . 
Peak value of voltage between heater and cathode . 


Yao 

max. 

650 V , 

Va 

max. 

250 V 

Wa 

max. 

9 W 

V 

max. 

550 V 


max. 

126 V 

Wg^ 

max. 

1.6 W 

Wg, 

max. 

1.0 W 

h 

max. 

70 mA 

Vgi 

max. 

—1.3 V 


max. 

1 M ohm 

Rfk 

max. 

5,000 ohms 

Vjk 

max. 

175 V 


mw) 

VilVtff) 


/a(mA) 

/sfihA) 

100 



200 


225 
Fig. 8 


Output poA^cr 
Mlth 10% distortion. . . . Wo (10%) 
Alternating grid voltage at I 

10% distortion.Fi (10%) | 

Sensitivity.Ft (50 mW) 

Cathode resistor. Hk j 

Anode current^.. la I 

Screen-grid current . . . , Ig^ 

Load resistor. Ita , 


250 VMVJ 


as functions of the 
anode voltage (within 
the range 175 to 
250 V), for operation 
at Wa = 9 W, with 
constant screen vol¬ 
tage Fg, = 100 V. 
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60 300 



Fig 9 

Output power 

with 10 % distortion , . Wo {10%) 
Alternating grid voitage at 
10 % distortion .... Ft (10%) 

Sensitivity.Ft (60 mW) 

Cathode resistor . . lik 

Anode current. . . .la 

Screen current . . /vt 


as functions of the 
screen voltage (in the 
range 80 to 100 V), 
with an anode voltage 
5 V lower than that 
of the screen. 





i J 3 4 S 

Fig. 10 

Anode current la, screen current Ig^, total distortion dtot (>= dj) and 
alternating grid voltage Ft as functions of the output power Wo 
for two type CL 6 valves in a balanced circuit with Fa = Fv, 100 V 


































































CL 6 



Anode ciirrenf la, Hcrcen current Iq^, total distortion dtot and 
alternating grid voltage Vi as functions of the output power of the 
CL 6 in a balanced circuit with Va — 200 V, using the same cathode 
resistor as for Va ^ Vq, = 100 V. 


In order to show the 
performance of the CL 6 
at other working voltp-- 
ges than those given in 
the standard data, va¬ 
rious values have been 
included in the curves 
of Figs. 8 and 9, not 
only as functions of the 
anode voltage at a con¬ 
stant screen-grid poten¬ 
tial with continuous 
anode dissipation, with 
respect to liigher feed 
voltages, but also as 
plotted against 
the case of an anode 
voltage which is 5 V 
lower than that of the 
screen. In the latter 
instance an average vol¬ 
tage drop of 5 V in the 


output transformer has been taken into account. 

Grid bias must be obtained by means of a cathode resistor only (auto, bias); semi¬ 
automatic bias is permissible only when the cathode current of the CL 6 is in excess 
of 50 of the total current passing through the resistor that produces the voltage 
drop; the maximum value for the grid leak, as shown in the Maximum Ratings, must 
them be reduced in accordance with the following; 


Cathode current of the output valve 
Total current passing through resistor producing the voltage drop ^ 

In this case, moreover, it must be remembered that the current in those valves w^hich 
are subjected to control will affect the bias of the output valve; in other words, when 
the control is operating, the bias very quickly becomes too low and the anode current 
of the output valve too high. 

The high mutual conductance of the valve must also be considered in the design of 
the receiver, as it may otherwise result in R.F. feed-back and oscillation. Leads to the 
vahe contacts must be kept as short as possible, and a resistor of about 1,000 ohms 
in the control-grid lead is recommended. With 1(X) V on the anode, the optimum 
value of the load resistance is 2,000 ohms; with 200 V anode, 4,500 ohms. In A.C./D.C. 
receivers for both high and low-voltage mains operation a switch must be provided 
in the output transformer circuit that will ensure the best possible matching conditions 
on different anode voltages. 
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Fig. 12 

Anode current la, screen-grid current /f/,. total distortion dtot and 
alternating grid voltage Vi, as functions of the output power Wo for 
two CL 6 valves in a balanood circuit with Fa ^ 200 V, and Fg, — 
126 V. 



Fig. 13 

Anode current la, screen current Ig^, total distortion dtot and 
alternating grid voltage Ft as functions of the output power for two 
type CL 6 valves in a balanced circuit with Fa — 260 V, and Fgt “ 
126 V. 
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Cl 1 Rectifying valve 



Philips CY 1 is a half-wave rectifying valve taking 
a heater current of 200 mA at 20 volts. The internal 
resistance is very low and the anode current therefore 
produces only a very slight decrease in the voltage. 
In the applications of the CY 1, it is well to bear 
in mind that the peak voltage between filament 
and cathode must not exceed 4^ V ; on high mains 
voltages, when large-capacitance smoothi^ capa¬ 
citors are used, a resistor should be included in 
the anode circuit to safeguard the valve. The mini¬ 
mum value of this resistor will be found in the 
following table: 



Fig. 1 

Dimensions in mm 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Mains 

voltage 

Smoothing 

capacitor 

Series 

resistor 

Max. 260 V 

32 

Min. 125 ohms 


16 /iF 

Min. 76 ohms 


8 fiF 

0 ohms 

Max. 170 V 

32 fiV 

Min. 76 ohms 


16 //F 

Mui. 30 ohms 


8 ^F 

0 ohms 

Max. 127 V 

32 fiF 

0 ohms 


16 fiF 

0 ohms 


8 fiF 

0 ohms 


HEATER RATINGS 

Heating: indirect, A.C. or D.C., series 
supply. 

Heater voltage ... F/ = 20 V 
Heater current . . . , = 0.200 A 


MAXIMUM RATINGS 
Anode voltage, A.C. 

Vi — max. 260 V(eff) 
Direct current 7© = max. 80 mA 
Voltage between heater and 
cathode. . . V/^ = max. 460 V 



ill —air I ■■■■■■■■<■! 

■Mlaaaaaapaa 


Fig. 8 

Loading characteristics of the CT 1. 






















































CY 1/CY 2 



CY 1 

Fi«. 4 

Anode current as a funetion of the applied 
\ oltapc. 


GY 2 
rig. 5 

Anode current as a function of the applied 
direct voltage, per anode. 
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CY 2 


CY !2 Rectifying valve anJ voltage JoaLler 


The CY 2 has a split cathode and two anodes and can be used either 
as a half-wave rectifying valve (see fig. 3) or as a voltage doubler. 
Jn the former case the valve will deliver 120 mA, whilst as voltage 
doubler it gives a maximum of 60 m A at roughly twice the voltage 
when used as rectifying valve. 

It should be noted that the peak voltage between cathode and 
filament must in no case exceed 450 V and, on high-voltage mains, 
with large smoothing capacitors, a protecting resistor should be 
included in the anode circuit; minimum values for this resistor are 
given in the table below. 

a 



Fig. 1 

Dimensions in mm. 


/cV f k 

14260 


f f 



14161 

Fig. 2 

Arrangement of 
electrodes and 
base eonneetionH. 
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CY 2 



doubling circuits. 


HEATER RATINGS 

Heating: indirect by A,C. or D.C., scries supply. 

Heater voltage. = 30 V 

Heater current. 1/ = 0.200 A 

MAXIMUM RATINGS 

1) As half-wave rectifying valve. 

Alternating anode voltage. Vi — max. 260 V(efl> 

Direct current. /© = max. 120 mA 

2) As voltage doubler 

Alternating anode voltage. F< max. 127 V(efr) 

Direct current. max. 60 mA 

Voltage between heater and cathode (peak value) F/jt > max. 450 V 
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2 V 


Battery valves 



KB 2 


1C6 !2 Indirectly-lieated double-diode 


The KB 2 is an indirectly-heated double-diode valve for battery 
receivers. The current consumption is very low indeed, being only 
about 95 mA on 2 V. 

As the cathode is indirectly heated, sets in which this valve is used 
may be equipped with delayed automatic gain control; the delay 
may be regulated as desired by applying a positive potential from 
the H. T. battery to the cathode. The KB 2 can be employed as a 
detector preceding a stage of A.F. amplification using a valve such 
as the KF 4, or a driver, e.g. the KC 3, or it can be coupled directly 
to a pentode output valve. 

The strong signals which in the latter case would inevitably occur 
on the KB 2 can be quite easily handled by this diode. 

The capacitance between the two diodes has been kept as low as 
possible, as this is of importance when the second anode is used for 
the delayed A.G.C., and is accordingly connected to the primary 
side of the preceding band-pass filter. The characteristics of the D.C. 
voltage gain (A F) across the load resistor as a function of the 
unmodulated R.F. signal, as well as that of the A.F. voltage ( V 
across the resistor of 0.5 megohm as plotted against the 30 
modulated R.F. voltage on one of the diodes, are identical with 
those relating to the EB 4, to vhieh reference may be made for 
details. 

HEATER RATINGS 

Heating; indirect by battery, parallel supply. 

Heater voltage.1/ 2.0 V 

Heater current.// 0.095 A 

CAPACITANCES 





fir. 1 

Dimensions in mm. 



Fik. 2 

Arrangement of 
electrodes and 
base connections. 


Cd\d^ < 0.25 fifiF 
Ckd, 2.1 a/.uF 
Ckd2 - 1.7 /i/iF 


MAXIMUM RATINGS 

Voltage on diode (peak value) .... 

Diode current. 

Voltage between heater and cathode . 
External resistance between heater and 


. — V(i 2 — max. 125 V 

. . . . /,/, " 1,1^ — max. 0.5 mA 

. Vfk “ max. 50 V 

cathode . . . Hfk max. 20,000 ohms 
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KBC 1 


K.BC 1 Double-diode triode 


The KBC 1 is a directly-heated double-diode triode. This combina¬ 
tion of triode with two diodes promotes a considerable saving in 
filament current, this being a matter of some importance in battery 
receivers. 

Tiiis valve can be employed to advantage in “straight” circuits or 
in superheterodyne receivers; the triode unit may be used also as a 
driver in conjunction \^ith the Class B output amplifier KDD 1, or 
as pre-amplifier for the output pentode KL 4. 

The diode located at the negative end of the filament should be used 
as detector and the other diode, at the positive end, for the delayed 
A.G.C. In Fig. 2, the diode situated at the end of the filament marked 
fi is shown as di and the other, at the extremity / 2 , as dg. If the 
filament extremity fi is positive, diode dg is employed as detector; 
otherwise weak signals are not properly rectified. The loading resistor 
on the diode should preferably be connected to the positive, not 
to the negative, end of the filament, as this gives a better detection 
characteristic. 

The second diode is approximately 2 V negative with respect to 
the positive extremity of the filament, thus providing a similar 
amount of delay voltage; if a greater delay is desired, this can be 
obtained by the use of a special circuit (see Chapter XXV). The 
diode unit is separated from the triode section by a screen, which 
effectively prevents any coupling between the two. 



Dimensions in mni 



ft f2 
fi f2 Off 


FILAMENT RATINGS 

Heating: direct, by battery; parallel supply. 

Filament voltage. Vj 

Filament current. If 

CAPACITANCES 



2 V 
0.115 A 


Fig. 2 

Arrangement of 
oJectrodes and 
base connection^ 


Diode section: C^i 

2.7 fifiY 

Triode section: Caj 

- 3.1 fifiY 

Ch 

2.5 

c„ 

— 6.5 fifiY 

Ce/j,/2 

0.5 fjLfjiY 

f''j 

3.0 fifiY 

^\h{i 

0.003 /4/iF 



^ <h<j 

< 0.(K)3 /y/iF 




STATIC DATA OF THE TRIODE SECTION 


Anode voltage . . 

Grid bias. 

Anode current . . 
Amplification factor 
Mutual conductance 
Internal resistance 


- 90 135 V 

Vg - —3.4 —4.5 V 

la - 1 2.5 mA 

ft - 16 16 

S = 0.7 1 mA/V 

n, - 23,000 16,000 ohms 
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KBG 1 


MAXIMUM RATINGS 


Triode section: Fb = 4 = 

Wa 

h = 

V,{Is = + 0.3 M) = 

R, 

Diode section: 

Voltage on diode (peak value) . 

Diode current. Idi— 

Diode voltage at diode current 
start.(/rfj = + 0.3 Vd% — 


max. 160 V 
max. 0.6 W 
max. 6 mA 
max. —0.2 V 
max. 3 M ohms 

max. 125 V 
max. 0.2 mA 

max. —0.4 V 


When the triode section is to be employed as a resistance-coupled A.F. amplifier, 
the necessary data may be obtained from the following table: 


TABLE 


KBC 1 used as a resistance-coupled A.F. amplifier 


Battery 

Coupling 

Anode 

Grid 

Output 

Distor- 

Stage 

voltage 

resistor 

current 

bias 

voltage 

tion 

gain 

T^« 

Rq 

la 

Vo 

Vo 

d 

Vo 

(V) 

(M ohm) 

(mA) 

(V) 

(Veil) 

(%) 

Vi 

135 

0.2 

0.35 

— 2.0 

5 

0.7 

12.5 





8 

1.2 


90 

0.2 

0.19 

— 2.0 

3 

0.8 

11 





5 

1.3 


135 

0.1 

0.69 

— 2.0 

5 

0.7 

12 





8 

1.2 


90 

0.1 

0.36 

— 2.0 

3 

0.8 

11 





5 

1.3 


135 

0.05 

1.25 

— 2.0 

5 

0.8 

11 





8 

1.3 


i 

90 

0.05 

0.60 

— 2.0 

3 

1.0 

10 





5 

1.6 
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KBG 1 


U(mA)^ 



FiK. 3 

iatVg characteristics for the triode section of the 
KBC 1. 


UhA) 



Fig. 4 

Anode current of the triode section of the KBC 1 as a function of the 
anode voltage with grid bias as parameter. 
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Iku 1 


KC 1 Triode 



f f 

Q 


d 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


This triode is useful as an A.F. amplifier valve, max44 
anode-bend detector, or oscillator in battery recei¬ 
vers. Its use as a grid detector is not recommended, 
since the maximum alternating output voltage is 
then usually insufficient for the output stage. In the 
case of A.F. amplification, care must be taken that 
the A.F. gain following the grid of this valve is not 
mad(' too great, as this is liable to set up microphone'. 

»S2ta 

FlC 1 

Diniensioub lu nun. 



FILAMENT RATINGS 

Heating: direct by battery; parallel supply. 

Filament voltage. . T / -- 2.0 \' 

Filament current. _ 0.065 A 


CAPACITANCES 
Oag ~ 3.5 //yuF 
Ca - 2.0 /i//F 
(\, *- 3.0 /i/iF 


STATIC DATA 

Anode voltage 

Va =- 90 V 135 V 

Anode current 

la — 0.3 mA 1.2 mA 

Grid bias 

Yg - —1.5 V —1.5 V 
Internal res'stance 

= 60,000 ohms 40,000 ohms 
Amplification factor 

/i -- 25 25 


MAXIMUM RATINGS 

Ya max. 150 V 

IFa - max. 0.5 W 

Ik = max. 4 mA 

— + 9.3 //A) — max. —0.2 V 

JigS ^ max. 3 M ohms 
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KG 3 


KC 5 Triode 


a 



/ f 


f f 




This tnode is a driver valve for Class B output 
stages in which the grid of the output valve passes 
a certain amount of current. In view of the high 
power required for the excitation of a Class B 
output circuit m which gnd current flows, the fila¬ 
ment consumption is on the high side 
The KC 3 should be employed only m conjunction 
with the Class B output valve 1, usmg a 

driver transformer havmg a ratio of 2 • (1 -f- 1) 
The sensitivity of the combmation of KC 3 and 
KDD 1 valves is so high that the KF 4, connected 
as A.F. amplifier or detector, may precede it only 
when operatmg below its maximum amplification, 
otherwise the receiver becomes microphonic 


jnaxJJ 



rig 1 

Dimensions in nim 




Fig 2 

Arrangement of 
electrodes and 
base connections 


FILAMENT RATINGS 


Heatmg. direct by battery, parallel supply 
Filament voltage Vf 

Filament current If 


20 V 
0.21 A 


CAPACITANCES 

Cag — max 6 3 ////F 


STATIC DATA 

Anode voltage 
Gnd bias . 

Anode current . 
Mutual conductance 
Internal resistance 
Amplification factor 


Fa = 90 
Vg - — 1.6 

la ~ 2 

8 - 2.2 
R, = 14,000 
- 25 


135 V 
—28 V 
3 mA 
2.5 mA/V 
12,000 ohms 
25 


MAXIMUM RATINGS 


Va max. 

Wa = max. 

ll - max. 

Vg = + 0.3 fiA) — max. 

Bfff — max. 
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150 V 
1 W 
7 mA 
—0.4 V 
3 M ohms 





KG 3 




different values of grid bias. 
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KC -4 TrioJe 


The triode KC 4 can be used either as oscillator valve for the 
freqiiency-changer KH 1, or as A.F. amplifier. In the last-mentioned 
ease the total A.F. gain, as from the grid of the valve, should not 
be too high, as this may result in micro phony. 


FILAMENT RATINGS 

Heating: direct by battery; parallel supph’. 

Filament voltage. 

Filament curnmt. 


CAPACITANCES 

Ca, -= 2.9 ///iF 
Cgf 2.1 /^^F 
CaS - /^/^F 

STATIC DATA 


Anode voltage 
Grid bias 
Anode current 
Amplification factor 
Internal resistance 
Mutual conductance 


r. 

y, 

la 


90 

—I..") 

0.5 

30 

37,500 

o.s 


135 V 
—1.5 V 
2.2 mA 
30 

21,500 ohms 
1.4 mAlX 

MmA! 



bias, with Va = 90 and 135 V. 


Vf 2.0 

If 0.1 A 


max36, 

- ■ — -H 


.'X 

O 

‘A 

'■ j 

% 

B 

K 




riii. 1 

Dimcn«duns in nun 


a 





0 ^/ 93 ^ 

Fig. 2 

Arrang«‘nipnt of 
<*lrrtrodr8 and 
base connect ions. 
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OPERATING DATA: KG 4 used as resistance-coupled A.F. amplifier 



135 

.0.2 

90 

0.2 

135 

0.1 

90 

0.1 

135 

■■ 0.05 

90 

0.06 


1 For valve 

For valve 

For valVe 

KL 1 

KL 2 

KL 4 



7.5 

4.2 

< 1 

3.5 

3 

2.8 



1.2 

5 

< 1 

2.3 

3.3 

1 

1.3 

5 

< 1 

2.9 

3.3 

1.1 

1.6 

5 

< 1 

4 

3.3 

1.5 


MAXIMUM RATINGS 

Anode voltage. V„ 

Anode dissipation ... . . . Wa 

Cathode current. Ji- 

Grid voltage at grid current start . . {Ig + 0.3 fiA) Vq 
External resistance between grid and filament. Bgf 


- max. L'iO V 

- max. 0.5 W 

- max. 5 mA 
max. —0.2 V 
max 3 M ohms 
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Fig. 4 

Anode current as a function of the anode voltage for various values 
of grid bias. 



Fig. 5 

Theoretical diagram of circuit employing resis¬ 
tance-coupled amplification and illustrating 
^he symbols used in the data. 


















































KCH 1 


KCH 1 TlioJe -IiexoJc 


The KCH 1 is a frequency-changer for battery superheterodyne 
receivers. It consists of a combination of hexodo for mixing the 
input signal with the signal genei*ated by the oscillator, and a 
triode for use as the latter. 

Every effort has been made in the development of this valve to 
attain the highest possible conversion conductance, with a low 
filament current consumption. The main object was to produce 
a mixer valve for battery receivers that would give a reliable 
performance on short waves and also permit of automatic gain 
control on that wave range, with a minimum of interference due 
to frequency drift and so on. 

Because of the rapid control required in battery receivers, great 
care has been taken to ensure good characteristics from the aspect 
of cross-modulation. A variation in the grid bias of from —0.5 to 
—17 V, with an anode potential of 135 V and “sliding” screen vol¬ 
tage, is sufficient to reduce the conversion conductance to one- 
hundredth. Without control the conversion conductance is 325 fiA/V. 
The screen-grid voltage of the hexode section of the KCH 1 may 
be arranged so as to be self-adjusting; this saves the current that 

would otherwise pass 
through the potential 
TfOOXr divider and operates 
the valve as economic¬ 
ally as possible. On a 
battery voltage of 135 
W with a H'Sistor of 
67,000 ohms in series 
with the screen, the 
total load on the anode 
battery is only 5 mA. 
With a fixed screen 
jxitential, control of 
the conversion con¬ 
ductance is considei- 
ably more rapid, but 
the cross-modulation 
characteristics are not 
so favourable. 


max 48 
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Fit?. 1 

Dimensions in mm. 



Fig. 2 

Ariaugemcnt ot 
electrodes and 
base connections. 


Anode current of the hexode unit as a function 
of the grid bias, with the screen-grid voltage as 
parameter. The broken lines show the anode 
current in the case of the controlled valve, \ilth 
the screen fed from (he 135 V battery through 
a resistor of 07,000 ohms. 


Further, when the valve is operated on a 
fixed screen voltage the internal resistance 
during the control period, even on a low 
battery voltage, increases rapidly, hennas 
if a screen senes resistor is used the inter¬ 
nal resistance commences to decrease. This 
is explained by the fact that the screen vol¬ 
tage, when self-adjusting, closely approaches 
the same value as the anode voltage when 
control is applied; due to secondary emission 
the internal resistance drops, until the anode 
voltage has decreased so far in response to 
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KCH 1 


the control that the internal resistance again rises. The cutvq relating to the internal 
resistance of the valve when under control, as a function at the grid bias, shows a 
decrease at —6 V. At Va 136 V and — 67,000 ohms, the internal resistance 
diminishes to 0.5 megohm, whilst on Fa ~ ^ V and ^(72,4 = 29,000 ohms the 
minimum is 0.1 megohm. Although a value of 0.5 megohm is still quite serviceable, 

0.1 megohm must be regarded as too low, as the selectivity of the associated I.F. 
circuit is th^ reduced too much. On a low battery voltage, therefore, a fixed screen 
voltage will normally be preferred, or alternatively, potentiabdivider feed; the latter 
need take only a very small amount of current, viz. 0.5-—1 mA. 

Much attention has been given to the oscillator section of this valve to ensure reliable 
oscillation when the valve is to be used in conjunction with ordinary standard coils 
and circuits. Every effort has also been made to procure the highest possible conduct¬ 
ance in the triode section at the threshold of oscillation; this is 1.3 mA/V at an anode 
potential of 70 V, and constant oscillation is thus guaranteed. 

SttnA^5c((iA/V) iftCM/V 



FILAMENT RATINGS 

Heating: direct by battery; parallel supply. 

Filament voltage.1/ = 2.0 V 

Filament current. — 0.18 A 
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CAPACITANCES 


a. 

Hexode section. 

b. 

Triode section. 

^gi 

= 7 

ttti¥ 

C,f 

== 13.6 fi/jF 

Ca 

= 16 


Oaf 

= 3.6/i/iF 

^agi < 0.05 


= 3.6 fifiF 


OPERATING DATA: Hexode section 
a) FIXED SCREEN-GRID VOLTAGE 

Anode voltage . Va = 90 V 

Screen-grid 

voltage. . . Fj, 2 , 4 -= 55 V 

Grid leak. -- 25,000 ohms 


Anode voltage 

. Vu = 

Screen-grid 


voltage. 


Grid leak. . . 

• < 

Oscillator-gnd 


current. . . , 

■ — 

Grid bias. . 

, = -0.5 1 ) 

Anode current , 

. lu ~ 1 mA 

Screen current . 

. =1.2 mA 

Conversion 


conductance . 

11 

Internal 


resistance 

li 

p 


Between hexode and triode. 
CgTgxH < 0.4 fifiY 


280 /iA 

2) _9 5 8) __o.5^ 

— — 1mA 

— 1.2 niA 


55 V 

25,000 ohms 

280 fik _ 

—8 —9.5 =*) 


2 1 tikjV 

>10 > 10 M ohms 










































KGH 1 


b) WITH SCREEN SERIES RESISTOR 

Anode voltage . F® = 90 V 135 V • 

Screen series 

resistor.... — 29,000 ohms 67,000 ohms 

Gnd leak. . . . Rgz ^ 25,000 ohms 25,000 ohms 

Oscillator gnd 

current. . Igz - 280 ftk 280 Ilk 

Gnd bias. . . Vgi - —0.5 ») —12 *) —15 ») --0.5 i) —17 *) —20V») 

Screen-gnd 

voltage. . . . Fj 72,4 — 55 — 90 55 — 135 V 

Anode current . /a = 1 — — 1 — —mA 

Screen-grid 

current. . . 1-2 — — 1.2 — —mA 

Conversion 

conductance . 8c — 320 3 1 325 3 1 fikfV 

Internal 

resistance . . R^ 0.7 >0.9 >1 1.5 ®) >1 > 1.5 M ohms 

1 or footnotes see next page 



>lg a 

Conversion conductAnee SCy internal resistance 
Ih and effective oscillator voltage Vosc as func¬ 
tions of the oscillator grid current Ig^ (oscillator 
grid leak JRflr, «- 25,000 ohms), with Fo «= 00 \ 
and screen fed from 90 V battery through a 
resistor of 20 000 ohms 


Hg 9 

'Uith 135 V anode voltage and fixed screen 
voltage 55 V, 

Vpper diagram Alternating grid volt-age of 
interfering signal (effective value) as a function 
of the conversion conductance, with 1 % cross¬ 
modulation 

Lower diagram Conversion conductance bCy 
anode current /a, screen current /flr, + Ig^ and 
internal resistance JRt as functions of the grid 
bias Fgf 
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KCH 1 


c) SCREEN FED FROM A POTENTIAL DIVIDER 


Anode voltage . 

Fa = 

Potential divider 


resistor.... 


Potential divider 


resistor.... 

R,») = 

Potentiometer 


current.... 

Ip = 

Grid leak. . . . 

Sgt — 

Oscillator-grid 


current. . . . 

Igt = 

Grid bias. . . . 

F,. - 

Screen-grid 


voltage.... 

F»,,4 = 

Anode current . 

la = 

Screen current . 

Igi,g4 

Conversion 


conductance . 

8c - 


Internal 

resistance . . = 


90 V 

16,000 ohms 
55,000 ohms 
1 mA 

25,000 ohms 

280 nk _ 

—0.5 ir^.5 *) —11V®> 


55 

— 

70 

1 

— 

— niA 

1.2 

— 

— mA 

320 

3 

1 

0.7 

>2 

>3 


90 V 

22,000 ohms 

110,000 ohms 

0.5 mA 
25,000 ohms 


280 ^A 


—0.5^) —102) 

—12®)V 

55 — 

75 V 

1 — 

— mA 

1.2 — 

— mA 

325 3 

1 /iA/y 

0.7 > 1.5 

> 2.5 M oh 


*) Without control 

') Conversion conductance controlled to 1 : 100 
•) Limit of control 

*) With a grid bias of -5 V the internal resistance Is approx. 0 1 megohm 
•) With a grid bias of -6 V the internal resistance in approx. 0 4 megohm 
•) See circuit diagram, Fig. 16. 


OPERATING DATA; triode section used as oscillator 


Anode voltage . 

. Fa - 

70 

— — V 

Battery voltage . 

. n - 

— 

90 136 V 

Anode series resistor .. 

■ Ha 

— 

22,000 22,000 ohms 

Anode current with Ig = 280 /iA and 

Egi = 25,000 ohms. 

. I a - 

3 

2 3 mA 

Anode current {Vg — 0, Ig ~ 0) . 

la - 

2.4 

— — mA 

Mutual conductance at threshold of 

oscillation {Vg = 0, Ig — 0) . 

. 8,. = 

1.3 

1.1 1.3 mA/V 

Amplification factor, with Vg — Oy Ig = 0 

- 

28 

28 28 

MAXIMUM RATINGS: Hexode section 

Anode voltage . 

F„ 

— max. 135 V 

Anode dissipation . 


Wa 

= max. 1.5 W 

Screen-grid voltage without control on the 
valve {la — 1 mA) . 


^g2,4 

= max. 60 V 

Screen voltage, valve under control 

{la < 0.2 mA) . 


^^172,4 

= max. 135 V 

Screen-grid dissipation . 

. . . . 

W^g2,4 

= max. 1 W 

Cathode current . 

. . . . 

h 

= max. 8 mA 

External resistance between control grid 
cathode . 

and 

^gik 

= max. 3 M ohms 

Grid voltage at grid current start {Igi = 

+ 0.3 //A) Vgi 

= max. —0.2 V 
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KCH 1 


MAXIMUM RATINGS: Trlode section 

AnQde voltage.max. 80 V 

Anode dissipation.max. 0.5 W 

Grid voltage at grid current start (Ig ^ + 0.3 fxk) Vg max. — 0.2 V 

External resistance between grid and cathode . . . Rgi max. 60,000 ohms 


APPLICATIONS 

A few further remarks may be added to the above. In order to limit frequency drift 
as much as possible, the oscillator circuit should be connected to the anode of the 
triode unit of the KCH 1; the reaction coil is therefore connected to the grid. At 
a wavelength of 15 metres, the drift will then be 3 kc/s with a grid voltage variation 
of from —2 to —15 V, which means that this valve is quite suitable for automatic 
gain control in the short-wave range. For the medium and long waves, the “bottom” 
end of the reaction coil should be connected to the “top” of the padding capacitor; 
the inductive coupling will then be assisted by the capacitive reaction through the 
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FIk 10 

With 00 V anode voItaKP and flxod-screen voltage 
of’66 V. 

Upper diagram. Alternating grid volUge of the 
interfering signal (effective value) as a function 
of the conversion conductance, with 1 % cross- 
modulation. 

Lower diagram. Conversion conductance Sr. 
anode current la, screen-grid current Ig^ 4- /jf 4 
and internal resistance Rt, as functions of the 
grid bias Fg|. 


vnm%n) stsia 



Fig. 11 

With 135 V anode voltage and <*( reen fed through 
a resistor of 67,000 ohms from a 135 V 
battery: 

Upper diagram. Alternating grid voltage of 
the interfering signal (effective value) as a 
function of the conversion conductance with 
1 % cross-modulation. 

Lower diagram. Conversion conductance Sc, 
anode current la, screen-grid current Ig^ + /gt 
and internal resistance Ri as functions of the 
grid bias Fg,. 
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/ 10 100 KXJO 10000 

h(ltA) 1a2*lg4(nA}*Se(aAlV) 

Q/ ^ 10 100 noo 

/hiMiV 

12 

With 00 V anode % oltagc and screen fed through 
a resistor of 29,000 olims from a 90 V battery 
Upper diaqram Alternating grid voltage of the 
interfering signal (effective valut) as a function 
of the conversion conductance, with 1 % cross 
modulation 

Lower diagram Conversion conductance .Sc, 
anode current la, screen-grid current /g, Iq^ 
and internal resistance R% as functions of the 
grid bias Fg, 

tf-narn gM ' i i i i i i i r rrTri T i tt i m 


1000 S.^tAMlQ000 
100 RiOmi 1000 


1 Ig 1 > 

"With 90 V anode voltage and screen fed from 
a potential divider carrying a current of 0 5 mA 
(full line), or 1 mA (broken line) 

Upper diagram Alternating grid voltage of 
interfering signal (effective value), as a function 
of the conversion conductance, uith 1 % cross- 
modulation 

Jjower diagram Conversion conductance Sc, and 
internal resistance Ih, as functions of the grid 
bias Pgi 


Ak»m200ttA 
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125 ¥^^(V)150 


Fig 14 

Screen-grid current /g, + Ig^ as a function of the screen voltage 
Fg „4 with grid bias Fgi as parameter The resistance lines for Rgt,^ >= 
67,000 ohms for a battery voltage of 135 V, and for Fg „4 with reference 
to a 90 V battery are also given 
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KGH 1 


latter. This ensures more uniform oscillation throughout the whole wave-range. 
For short waves a padding capacitor is not usually employed. A grid capacitor 
of some 50 to 70 /i/iF will give reliable oscillation on long waves, with very little 


frequency drift on the short waves. 
A value of 25,000 ohms is recommended 
for the grid-leak resistor as this will 
prevent over-oscillation and will at the 
same time not damp the oscillator circuit 
too heavily. When a 135 V battery is 
used, it is advisable to feed the anode 
through a resistor of 22,000 ohms; 
this resistor is in parallel with the 
oscillator circuit for the high frequencies, 
thus slightly damping the circuit. Fig. 16 
shows the circuit diagram of the KCH 1 
when used on a 90 V or 135 V battery. 
If on a 90 V battery supply the resistor 
in series with the anode is any lower 
than 7,000 ohms, the damping of the 
oscillator circuit is considerably increased, 
but, on the other hand, if the 22,000 ohms 
resistor is used, the conductance at the 
threshold of oscillation will be reduced. 
With the last mentioned value, however, 
oscillation is more reliable, which is, of 
course, the more preferable result. To 
avoid any possibility of parasitic oscilla¬ 
tion, a small resistor of 30 to 50 ohms 
can be included in the first grid circuit. 


hrfmAt 



a function of the grid bias FgT, with VaT - 
50 and 70 V. 



Circuit diagram showing the KCH 1 employed as a frequency-changer in a battery receiver operated 

from a 135 V or 90 V battery. 
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KDD 1 Class B oatpnt valve 


The KDD 1 is, in effect, two triodes housed in a single envelope; 
i^ is intended for use in Class B output circuits operating with grid 
cun^nt and, in conjunction with a suitable driver valve, it will 
deliver 2.2 W without too much drain on the H.T. battery. The 
valve is of a type that requires no grid bias; without bias, grid 
current flows during almost the whole of the cycle of grid signal, 
thus avoiding any sudden surges of grid current in the secondary 
winding of the transformer, which would produce severe distortion 
of a very unpleasant character by reason of the clearly audible higher 
harmonics. 

When there is no signal on the grid the anode current is extremely 
low, being only about 3 mA for the two anodes together, on 135 V; 
the current becomes appreciable only when the signal is applied. 
Consumption of anode current is roughly proportional to the alter¬ 
nating grid voltage, which means that a considerable saving may be 
effected, since the average current is much less than with maximum 
excitation. It is also possible to relieve the drain on the H.T. battery 
somewhat by turning down the receiver volume control to a low level. 
With a signal present on the grid, grid current flows in both of the 
triodes, and the driver valve must be capable of supplying the input 
required to load the valve fully. 

The construction of the grid is such that grid current is limited to 
a minimum, whilst ensuring the greatest economy and sensitivity 
in the driver stage. 

A suitable driver transformer, of ratio 2 : (1 + 1), should be used 
with the KDD 1 and the optimum roatcliing impedance between 
anodes will in this case be 10,000 ohms. 

FILAMENT RATINGS 

Heating: direct by battery; parallel supply. 

Filament voltage.1/ 2.0 V 

Filament current. h ~ ^ 


maxi4^ 




Hj 


Flfz. 1 

Dinionsions in nun. 

f f 


FiK. 2 

Arrangement ot 
electrodes and 
base connections 


OPERATING DATA 


Anode voltage. 

. r„ 

- 90 V 

135 V 

Grid voltage. 

• 1'-/ 

0 

0 V 

Anode current (without signal). 

• f no 

- 2 X 0.8 

2 X 1.5 mA 

Anode current at max. modulation. 

• Jn max 

- 2 X 8.5 

2 X 14 mA 

Output power at max. modulation. 


- 0.72 1) 

2.0 W 

Load resistor between anodes. 


10,000 

10,000 ohms 

Alternating grid voltage of the driver valve. . 

. Vi 

- 1.5 1) 

1.9 Veffi) 

Total distortion. 

• ^tot 

- 6') 

10 % 


*) Measured with KC 3 as driver; transformation ratio 2 : (I -I 1). 


MAXIMUM RATINGS PER SYSTEM 


Anode voltage. Va - max. 150 V 

Anode dissipation (== 0). Wa -= max. 0.36 

Anode dissipation (Wo= max.). Wa = max. 1.5 W 

Direct current per anode (average value)./« === max. 20 mA 
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TABLE 

VALVES KC 3 + KDD 1 
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K0D 1 



Fik 5 

Anode current, alternating giid voltage and total distortion dtot a» 
functions of the output power of the KDD 1 for an anode voltage 
of 135 V, using the KC 3 as driver valve 




lig 6 

4node current, alternating grid voitage and total distortion dtoi as 
functions of the output power of the KDD 1 for an anode voltage 
of 135 V, using the KBC 1 as driver valve 
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KF 3 


KF 5 Variable-MU R.F. peotoJe 

The KF 3, a variable-mu R.F. pentode, offers excellent cross- 
modulation characteristics throughout the whole range of control on 
the valve. At the normal working point the anode current is very low; 
only a small control potential will completely quench the valve. 
These rapid control characteristics are of great importance in superhet. 
battery receivers that include a short-wave range and, although it 
is not generally advisable to apply control on that range, effective 
A.G.C. can nevertheless be obtained in the case of the KF 3. 

This valve can be used only for R.F. and l.F. amplification; when 
employed in the former capacity it gives very good results also on 
short waves; not only are the low capacitances subject to very little 
variation when control is applied, but the input and output damping 


max^ 


yj 


Fir. 1 

Dimensions in mnu 

























KF 3 


OPERATING DATA 


% 



Anode voltage. 

Va - 

^ 90 


136 V 

Screen-grid voltage. . . 

- 

90 


136 V 

Suppressor grid voltage. 

V.n -= 

0 


0 V 

Grid bias. 

V,n - 


—o' —O.V 

~ ^3.6 V 

Anode current. 

la - 

1 

_ 2 

— mA 

Screen-grid current. 


0.2 

0.6 

— mA 

Amplification factor . . 

li - 

1000 

— 850 

— 

Mutual conductance 


600 

6 650 

6 5 /^A/V 

Internal resistance . . . 

Ri 

2 

> 10 1.3 

> 10 M oh 

MAXIMUM RATINGS 





Va max. 136 V 


^ Vi 

^ max. 135 V 


Wa max. 0.5 W 


Wg, 

— max. 0.2 W 


Jj, max. 5 niA 


Rg\ 

^ max. 3 M ohms 

^yi (^gi + ^*•1 /^A) 

max. —<1.2 V 
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KF 3 



rig. 5 

Upper diagram. Max. permissible 
effective value of alternating grid 
voltage with 6 % cross-modulation 
(0.5 % 8rd harmonic) as a function 
of the mutual conductance. 

Lwoer diagram. Mutual conduct¬ 
ance and anode current as functions 
Of the grid bias. 
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KF 4 


K.F 4 R. F. pentode 


d The R.F. pentode KF 4 has no control character- 
istic; it can be employed for R.F. or I.F. amplifi- 
ff) J —^ cation, anode-bend or grid detection, and as resist- 
ance-coupled A.F. amplifier. 

When used for the last-mentioned function it 
P"^ should follow the indirectly-heated double-diode 

f f KB 2 for driving a Class A output stage using the 

pentode KL 4 or, with the necessary driver trans- 
f f ^gi former, a Class B stage comprising two valves of 
the latter type. 

<03 ^ gives excellent results on short waves; 

V /9 fv y mainly due to the use of the P-type base 

with which it is fitted, and a separate contact for 
the suppressor grid connection. In the design of 

--^ this valve output capacitances have been kept as 

Fir 2 low as possible. 

Vrrangement of 

base connoctions FILAMENT RATINGS 
and electrodes. 



Fig. 1 

Dimensions in mm. 


Heating: direct by battery; parallel supply. 


Filament voltage. 
Filament current 


Vf = 2.0 V 
If = 0.065 A 



CAPACITANCES 

^agi ^ 0.008 /^/^F 
^q\ = 6.0 nfiF 
Ca = 5.0 /nfzF 

MAXIMUM RATINGS 


Ik 

^gi (^g\ 
^gik 


= max. 135 V 

— max. 0.5 W 
= max. 135 V 

- max. 0.25 W 
= max. 5 mA 

+ 0.3 fjiX) — max. —0.2 V 

max. 3 M ohms 


Fig. 3 

Anode and screen-grid current as functions of 
the grid bias. 




























KF 4 


STATIC DATA 


Anode voltage. 

.Va = 

90 V 

135 V 

Screen-grid voltage. 

.Vj,= 

90 V 

135 V 

Suppressor-grid voltage. 

. r„- 

0 

0 V 

Grid bias. 

. y„ = 

—0.5 V 

—0.5 V 

Anode current. 

./« = 

1.2 mA 

2.6 mA 

Screen-grid current. 


0.4 mA 

1.0 mA 

Amplification factor. 

...... - 

800 

700 

Mutual conductance. 

. S 

0.7 mA/V 

0.8 mA/V 

Internal resistance. 

. Hi - 

Ck9 M ohms 

0.8 M ohms 


TABLE I 


ELF 4 used as grid detector with resistance coupling (connected as pentode); grid 
leak of following valve = 1 megohm. 


Battery 

voltage 

Vb 

( V ) 

Coupling 

resistor 

Ita 

(M ohm) 

Anode 

current 

la 

(mA) 

Screcn- 

Sscriea 

resistor 

liffa 

(M ohm) 

Screen- 

grid 

current 

Iff, 

(mA) 

Detector amplifleation; 
modulation depth 30 % 

Alternating output 
voltage; modulation 
depth 30 % 

Altern. 

output 

voltage 

Vo (\efn 

stage 

gain 

Altern. 

output 

voltage 

Vo (Ve/7) 

Altern. 

grid 
voltage 
rt (Ve/7) 

135 

0.32 

0.37 

0.64 

0.15 

2 

6.6 

4.8 

0.64 

90 

0.32 

0.24 

0.5 

0.11 

2 

4.8 

2.6 

0.56 

135 

0.10 

1.05 

0.5 

0.16 

2 

7.3 

6.4 

1.0 

90 

0.04 

2.1 

0.032 

1.05 

2 

4.4 

5.1 

1.6 

135 

0.10 

0.71 

0.10 

0.41 

2 

4.9 

4.5 

1.0 

90 

0.04 

1.5 

0.016 

0.75 

2 

3.9 

3.8 

1.1 


TABLE II 

KF 4 used as grid detector with reaction and resistance coupling (connected as triode). 


Battery 

voltage 

Vb 

(V) 

Coupling 

resistor 

Ra 

(Ohms) 

Anode 

current 

Ja 

(mA) 

Detector 
amplification 
at m = 0.3 

Alternating output 
voltage at m ^ 0.3 

Alternating output 
voltage at m — 0.1 

Altern. 

output 

volts 

Vo 

(Ve/7) 

stage 

gain 

Altern. 

output 

voits 

Vo 

Ayeff) 

Altern. 

grid 

volts 

Vi 

(Ve^J 

Distor¬ 

tion 

% 

Altern. 

output 

volts 

Vo 

(Ve/7) 

Altern. 

grid 

volts 

Vi 

(Ve^) 

Distor¬ 

tion 

o/ 

/O 

135 

20,000 

2.6 

0.5 

1.9 

2.2 

1.1 

2 

0.85 

1.5 

0.9 

135 

40,000 

1.8 

0.5 

2.2 

2.2 1 ) 

1.0 

3.6 

0.86 

1.5 

2 

90 

20,000 

1.5 

0.5 

1.6 

1.4 2 ) 

0.95 

5 ®) 

— 

— 

— 

90 

40,000 

1.1 

0.5 

2.0 

1.4 2 ) 

0.8 

4 

— 

— 

— 


*) excitation of the stage KC 3 + KDD 1 at Fa ®= 135 V is rea<'hed at an alternating grid voltage 

of2.2V(«^) 

*)Max. excitation of the stage KC 3 + KDD 1 at Va = 00 V is reached at an alternating grid voltage of 
1.4 V(fff). 

*) Maximum alternating output voltage. 
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KF 4 


TABLE III 

KF 4 used as A.F. amplifier (connected as pentode). Grid leak of following valve 

1 megohm. 


Battery 

voltage 

Vb 

(V) 

Coupling 

resistor 

lia 

(Mohm) 

Anode 

current 

la 

(mA) 

Screen 

series 

resistor 

Rgu 

(M ohm) 

Screen- 

grid 

current 

Iff, 

(mA) 

Grid 

bias 

Vg, 

(V) 

With an alternating 
output voltage of 
10 Ve^: 

With an alternating 
output voltage of 

14 Vc^: 

Gain 

factor 

Distor¬ 

tion 

d(%) 

Gain 

factor 

Distor¬ 

tion 

.d(%) 

136 

0.32 

0.30 

0.64 

0.11 

—1.6 

72 

0.5 

12 

0.7 

90 

0.32 

0.18 

0.4 

0.10 

—1.5 

52 

1.5 

52 

1.8 

135 

0.20 

0.41 

0.4 

0.15 

—1.5 

62 

0.8 

62 

1.0 

90 

0.20 

0.24 

0.25 

0.10 

—1.5 

48 

1.2 

48 

1.9 

135 

0.10 

0.64 

0.2 

0.23 

—1.5 

47 

0.9 

47 

1.6 

90 

0.10 

0.50 

0.05 

0.20 

—1.5 

37 

0.9 

37 

1.8 


TABLE IV 


KF 4 used as A.F amplifier (connected as triode). Grid leak of the following valve 

1 megohm. 


Battery 

Coupling 

Anode 

Grid 

With an alternating output 
voltage of 7 Yeff: *) 

With an alternating output 
voltage of 10 Yeff:*) 

voltage 

resistor 

current 

bias 

Altern. 

grid 

volts 

stage 

gain 

Distor¬ 

tion 

Altern. 

grid 

volts 

stage 

gain 

Distor¬ 

tion 

Vh 
_ (V) 

Jlu 

(M ohm) 

la 

(mA) 

ygx 

(V) 

Vi 

(Yem 


d(%) 

Ft 

(Yet!) 


_ rf(%) 

135 

0.32 

0.25 

—1.5 

0.39 

18 

0.8 

0.56 

18 

0.8 

1.35 

0..32 

0.15 

—3.0 

0.43 

16.2 

1.5 

0.62 

16.2 

2.8 

90 

0.32 

0.13 

—1.5 

0.43 

16.2 

2 

— 

— 

— 

90 

0.32 

0.05 

—3.0 

0.62 

11.5 

10 

— 

— 

— 

135 

0.20 

0.35 

—1.5 

0.39 

18 

0.8 

0.56 

18 

0.8 

1,35 

0.20 

0.21 

—3.0 

0.45 

16 

1.7 

0.63 

16 

3.0 

90 

0.20 

0.17 

—1.5 

0.43 

16.2 

2 

— 

— 

— 

90 

0.20 

0.07 

—3.0 

0.65 

10.5 

13 

— 

— 

— 

135 

0.10 

0.56 

—1.5 

0.42 

16.6 

0.8 

0.60 

16.6 

1.0 

135 

0.10 

0.33 

—5.0 

0.48 

14.5 

2.4 

0.70 

14.5 

4.0 

90 

0.10 

, 0.28 

—1.5 

0.48 

14.5 

1.5 

— 

— 

— 

90 

0.10 

0.09 

—3.0 

0.76 

9.5 

18 

— 

— 

— 


*) Max. excitation of the KL 2 at Fa = F^i = 90 V is reached at an alternatins input of 7 Veff. 

Max. excitation of the KL 4 at Fa =■ Vgt — 90 V is reached at an alternating input of 2 

•) Max. excitation of the KL 2 at Fa *= Fg, = 135 V is reached at an alternaling input of 10 Yeff, 

Max. excitation of the KL 4 at Fa =■ F^t — 135 V is reached at an alternating input of Z.5Yeff, 
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KH 1 


K.H 1 Hexode 

This battery hexode can be utilized for three different pu|jposes, viz: 
1) As a frequency-changer with a separate oscillator valv^ such as 
the KC 4 which was specially designed for the purpose. The R.F. 
signal is applied to the first grid and the oscillator signal to the 
third grid. The screens, grids two and four, are given a positive 
potential of 60 V. The pitch of the first grid is such that A.G.C. can 

1) e employed, with excellent cross-modulation characteristics; the 
conversion conductance, for a battery valve, is very high, being 
450 /lA/V. 

2) As an R.F. vari-mu pentode in R.F. and I.F. amplifiers. The second 
and third grids are again given a potential of 60 V, whilst the fourth 
grid serves as suppressor and is accordingly earthed, this arrangement 
giving high mutual conductance (1.4 mA/V) with a low battery 
current (2.95 mA). 

li) As a variable-mu R.F. tetrode in R.F. or I.F. amplifiers. The 
second and fourth grids are joined and supplied with 60 V and the 
third grid is earthed. In this case the mutual conductance is slightly 
higher than when the valve is used as a pentode (1.5 niA/V), and the 
anode current somewhat lower (2.8 niA); the control, however, is 
less rapid and the internal resistance is lower. 

FILAMENT RATINGS 

Heating: direct by battery; parallel suppl>. 


Filament voltage. ... F/ — 2.0 V 

Filament current.7/ - 0.135 A 

CAPACITANCES j 

CJgi / .8 Jtlflh f (/K/S 0.1/ /^/^F 

12.«> /</^F ^'agi " 0.002 

16.3 ////F 


Osciliocor circuit 




xnma 


Fig. 1 

Dimensions in mm. 



jrrrmr 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Circuit diagram 8ho^\ing the KH 1 used as a frequency- 
changer. 
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rift. 4 

laJVa charactiTistics of the KII 1 used as a peiitwie. 


OPERATING DATA: KH 1 employed as a frequency-changer 


Anode voltage. 

Voltage on grid 2. 

Voltage on grid 4. 

Grid leak, grid 3. 

Oscillator voltage, grid 3. 

Grid bias. 

Anode current. I„ 

Screen-grid current . . . -r I(/4 
Conversion conductance .... S( 

Internal resistance. Rf 

Without control. *) Conductance controlled 


—3.5 V’) 
1 niA 
1.1 mA 
4.50 fiA/V 
1 M ohm 


- 135 V 

60 V 

- 60 V 

0.5 M ohm 
10 Voff 

-8 V 2) 


9.5 \' ®) 


4.5 /«A/V 
> 10 M ohms 


1 juA/X 
p- 10 M ohms 


) Conductance controlled to 1 10(» ’) Limit of control. 
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lalVa characteristics of the KH 1 used as tetrode 
































KH 1 



KH 1 as a frequency-chanfior 
Vpper diagram Etfective %aluc of the alter¬ 
nating grid voltage as a function of the 
conversion conductance, Mith 1 % crote- 
modulation. 

Centre diagram. Effective value of the alternating 
grid voltage as a function of the conversion 
conductance, with 1 % modulation hum. 
Lower diagram. Conversion conductance Sc and 
anode current la as funeitons of the grid bias. 





Fig. 7 

KU 1 as a pentode. 

Vpper diagram. Effective value of the alter¬ 
nating grid voltage as a function of the mutual 
conductance, with 1 % cross-modulation. 
Centre diagram. Effective value of the alternating 
grid voltage as a function of the mutual con¬ 
ductance, with 1 % modulation hum. 
Lower diagram. Mutual conductance 5, screen- 
grid current /g, -f and anode current 
as functions of the grid bias. 

pentode (R.F. or I.F. amplifier) 


OPERATING DATA: KH 1 connected as a 


Anode voltage. Vg — 135 V 

Voltage on grid 2 . V = 60 V 

Voltage on grid 3.~ 60 V 

Voltage on grid 4.Fyi — 0 V 

Grid bias. Vgi — —1.5 V') —7.5 V -) —9.3 V ’) 

Anode current. I a — 2 inA — — 

Screen-grid current . . . + Ig^ — 0.95 mA — — 

Mutual conductance. S = 1,400 ^A/V 14 juA/V 1 /lA/V 

Internal resistance.i?t = 1.3 M ohms > 10 M ohms > 10 M ohms 

OPERATING DATA; KH 1 connected as a tetrode (R.F. of I.F. amplifier) 

Anode voltage. Vg =- 135 V 

Voltage on grid 2.^ ^ V 

Voltage on grid 3.— 0 V 

Voltage on grid 4. Vg^ = 60 V 

Grid bias . Vgy^- —1.5 V *) —8.5 V — il V *) 

Anode current. =2.1 inA — — 

Screen-grid current . . . Ig^+ Ig^ = 0.7 mA — — 

Mutual conductance. 8 — 1,6(X) /lA/V 15 /lA/V 1 /lA/V 

Internal resistance./?i = 0.7 M ohm > 10 M ohms > 10 M ohms 


*) Without control. •) Conductance controlled to 1 : 100. •) Limit of control. 
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KH 1 


MAXIMUM RATINGS 

Anode voltage. Va — max. 150 V 

Anode dissipation. Wa — max. 0.4 W 

Voltage, grid 2.= max. 60 V 

Dissipation, grid 2.■= max. 0.1 W 

Voltage, grid 3.— max. 60 V 

Dissipation, grid 3. Wg^ = max. 0.1 W 

Voltage, grid 4.^ max. 60 V 

Dissipation, grid 4. Wg^ max. 0.1 W 

Grid voltage at grid current start . . {Ig^ — -r 0.3 //A) Vgy^ = max. —0.2 V 

(Igz == 4- 0.3 /lA) Fj 73 max. —0.2 V 

Cathode current./i- — max. 10 mA 

External resistance between grid 1 and cathodt' . . . Rgii - max. 1 M ohm 

External resistance between grid 3 and cathode .... — max. 1 M ohm 

TOLERANCES ON SCREEN-GRID CURRENT 

a) vahe used as a frequency-changer (Fa 135 V, Vg, GOV, Vg^ - lOV, ff, 

^ g\ ~ ^ )• 

lg 2 4 - Ig\ ™ max. 1.45 inA 
Ig 2 -r Igt = min. 0.75 mA 


b) valve used as a xientode (Va — 135 V, 1\;3 — 60 V, - 0, Vg^ —1.5 V). 

— max. 1.3 mA 
Ig 2 /«73 ~ min. 0.7 mA 

c) valve used as a tetrode ( Fa — 135 V, 15,^ T’,,, GOV. T",j OV, Vg^ —1.5 \) 

lg 2 T IgA ~ max. 0.9 mA 

J,j 2 T I (n ~ mm. 0.5 in A 


jcrrsa 



tig 8 

KH 1 used as a tetrode. 

Upper diagram. Effective value of tin alternating 
grid voltage as a function of the mutual conductance, 
with 1 % cross-modulation. 

Centre diagram. Effective value of the alternating 
grid voltage as a function of the mutual condiictancc, 
with 1 % modulalation hum.' 

Lower diagram. Mutual conductance .S\ screen-grid 
current /(ft + and anode current ic/as functions 
of the grid bias 
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KK 2 


K.K. Oh Octode 


The KK 2 is a directly-heated octode that can be 
used as a frequency-changer in battery super- 
heterodyne receivers for medium and long waves 
as well as short-wave reception. This combination 
—* of oscillator and mixer valve, operating on a 
common anode current and sharing a single fila¬ 
ment, ensures a considerable saving in current, 
this being an important factor in the design of 
battery sets. The hlament current is only 0.13 A, 
^with a total cathode current of 3.5 mA on me¬ 
dium and long waves and 4.3 mA on the short¬ 
wave range. 






Fig. 1 


Fig 2 

Arrangement of 
(Icotrodos and 
hast* coniHTtions. 


A superheterodyne receiver based on the use l>imensionfl in mm. 
of the KK 2 will always be a reliable and fool¬ 
proof proposition. For a battery valve, the conversion conduct¬ 
ance and internal resistance are both very high, ensuring a high 
degree of conversion amplification; further, automatic gain control 
may be applied with success. A grid voltage variation of only 
—12 V is sufficient to reduce the conversion conductance from 
its maximum value to 0.002 mA/T. 


FILAMENT RATINGS 

Heating: direct by batterN ; paralk*! 
supply. 

Filament voltage ... 1/ 2.0 V 
Filament current . . Ij 0.1.3 A 


CAPACITANCES 
('gi - 6-4 miV 

C,jt - ](» nfiV 

C„ - 14 

Cyj - 8 ///(F 


Cag4 < 


Fin 3 

Anode current as a function of the grid bins, at 
Fj /„5 - 45 V and 60 V. 


U(mA) 








KK 2 


OPERATING DATA 

1. FOR MEDIUM AND LONG WAVE RE( EPTION 


Anode voltage . 

i’« 

90 


135 V 

Oscillator>anode voltage . 


90 


135 V 

Screen-grid voltage. 

^ .73,5 

45 


45 V 

Grid bias (without oscillation). 

^ 71 

0 


0 V 

Oscillator voltage on control grid. . . . 

1 oxc 

8.5 


8.6 Weff 

Grid leak (control grid). 

A/I 

50,000 


50,000 ohms 

Bias, grid 4. 

^ 74 

—0.5 


—0.5 V 

Anode current ( Vg^ — —0.5 \’). 

la 

0.7 


0.7 mA 

Oscillator-anode current. 

In 

1.6 


2.2 mA 

Screen-grid current. 


1.0 


1.0 mA 

Conversion conductance (at — 0.5 V) 

sir 

0.27 


0.27 mA/V 

Conversion conductance (at — 11 V) 

fir 

0.0027 


0.0027 mA/V 

Internal resistance (at Vg:^ — 0.5 T’) . 

li, 

2 


2.5 M ohms 

Internal resistance (at Vg^ — 11 V) . 

n, 

10 


> 10 M ohms 

2. FOR SHORT WAVE REC EPTIOX 





Anode voltage . 

r„ 

];i5 

V 


Oscillator-anode voltage . 

r„. 

i:i5 

V 


Screen-grid voltage . 

Vn., 

60 



Control-grid bias (without oscillation) . . 


0 

V 


Oscillator voltage at control grid .... 


6 V, 


Control grid leak . 

Hn 

50,000 

ohms 

Bias, grid 4 . 

^ in 

—1.5 



Anode current . 

la 

1.0 niA 


— 

Oscillator-anode current. 

In 

:i.O mA 


— 

Screen-grid current. 

lin in 

1.4 mA 


— 

Conversion conductan(‘e. 

-S', 

0.3 


0.003 mA/V 

Internal resistance. 

K, 

1.7 


^ 10 M ohms 


MAXIMUM RATINGS 


Va 

max. 135 V 


max. 0.6 W 

Wa 

max. 0.5 W 

h 

- max. 10 mA 


max. 100 V 

^ 74 (^4 ~ 

0.3 nA) max. —0.2 V 

^78,5 

max. 0.4 W 


- max. 3 M ohms 


max. 135 \ 


max. O.l M ohm 
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Fig. 4 

Upper diagram. Alternating input voltape as a 
function of the conversion conductance (as controlled 
by the potential on the 4th grid), with 6 % eross- 
modulatign (() 5 % 3rd harmonic), at Fj/,,* = 45 V. 
Centre diagram. Alternating input voltaf^e as a 
function of the conversion conductance (as controlled 
by the potential on the 4th grid), with 4 % mtidu- 
lation hum, at Vg^.s — 45 V, 

Lmer diagram. Conversion conductance and anode 
current as functions of the bias on the 4th grid, 
at Ff/,,* - 45 V. 
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Fig. 5 

upper diagram. Alternating input voltage as a 
function of the conversion conductance (as con¬ 
trolled by the voltage on grid 4), with 6 % cross- 
modulation (0.5 % Srd harmonic), at Fg,,* » 60 V. 
Centre diagram. Alternating input vdtage as a 
function of the conversion conductance (as control¬ 
led by the voltage on the 4th grid) with 4 % modu¬ 
lation hum, at Fgs„ = 60 V. 

Loner diagram. Conversion conductance and anode 
current as functions of the grid bias (4th grid), at 
iVa** " ^ • 
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Conversion conductance, internal resistance, factor A (governing 
the strength of the background noise) and factor B (strength of whistles) 
as functions of the oscillator voltage of the KK 2 when used on medium 
and long waves. 





























































































KK 2 


tnft 



Conversion conductance and internal rchistancc 
as functions of the oscillator voltage of tin 
KK 2 when u‘<ed on shoit \cave«! 


APPLICATIONS 

In connection with the applications of 
the valve, the following points should be 
taken into consideration. The coupling 
of the oscillator circuit must be tighter 
than is normally the case with A.C. valves, 
and should be so adjusted that the current 
passing through the grid leak Jf ?2 is about 
^5 100 jliA (see Fig. 8); in the short-wave 

range the average grid current is approxi¬ 
mately 60 /lA, 

For the last-mentioned wave-range tight¬ 
er couphng may be obtained by em¬ 
ploying the circuit shown in Fig. 9 in which 
the inductive coupling is enhanced by 
capacitive couphng. The value of capa¬ 
citor Cs should be about 2,500 jujuF. 
Again, for short-wave work, improved 
results may ]>o obtained in certain cir¬ 
cumstances by selecting an oscillator 
frequency whi( h is lower than that of the 
input. The conductance in the medium 
and long w^avc ranges may be varied by 
applying the control voltage to the 4th 
grid, but on short waves frequency drift 
precludes any alteration in the voltage 
on the 4th grid 



Theoretical circuit of the KK 2 as used on inedium 
and long Maves. 
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KL 4 


KL 4 Oatpnt pentode 
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The KL 4 is an output valve using a relatively 
small filament current (0.15 A). The sensitivity is 
very high, only a small input voltage being required 
for full excitation; with 135 V on anode and screen 
the KL 4 will deliver 0.47 W, with 11.2 % distortion. 
This valve is suitable for use only in balanced 
output stages operating without grid current; the 
quality of reproduction is then excellent and the 
output obtainable at the above-mentioned anode 
and screen voltage is approximately 0.8 W. 

FILAMENT RATINGS 



Fig. 1 

DimensionB in mm* 


Heating: direct by battery; parallel supply. 

Filament voltage.F/ — 2.0 V 

Filament current.= 0.150 A 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 



Fig. 3 

Anode and screen-grid current as functions of the 
grid bias, with Va « Fg, - 136 and 90 V. 


OPERATING DATA 

Anode voltage 


Va - 90 

135 V 

Screen-grid voltage 


Vg^ - 90 

135 V 

Grid bias 


1 

11 

—5 V 

Anode current 


II 

7 mA 

Screen-grid current 


— 9.8 

1.1 mA 

Mutual conductance 


S = 1.8 

2.1 mA/V 

Internal resistance 


Ri = 160,000 

130,000 ohms 

Load resistor 


Ra = 19,000 

19,000 ohms 

Output power (10% dist) 

Wo = 0.16 

0.44 W 

Alternating input voltage 


Vi = 1.9 

3.3 Veff 
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Fip. 6 

Alternating grid voltage Ft 
and total distortion of the 
K L 4 as functions of the output 
pow er, on Va — Vg *= 185V 


Fig 7 

Alternating grid voltage I't, 
total distortion and combined 
anode current as functions of 
the output power of two KL 4 
valves in a balanced circuit 
operating without grid currtuit 
(Va - Kflr, = 135 V). 





























KL 4 


Fir. 8 

Alternating grid voltage Fi 
and total distortion of the 
KL 4 as functions of the out¬ 
put power with Fa — F< 7 , ^ 
90 V. 
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Fig !> 

Alternating grid voltage Ft, 
total distortion and combined 
anode current as functions of 
the output power of two KL 4 
valves in a balanced circuit 
operating without grid current 
(Fa - Vot - 90 V). 
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KL 5 


K.L 4 5 Output pentodi 


This is a directly-heated output valve for 2 V battery receivers, 
delivering a reasonably high output on a very low current con- — 

sumption; with 135 V on the anode, passing a current of 8.6 mA, C ^ 
the output is 0.62 W with 10 % distortion. ^ 

In this valve an improvement has been introduced in the form of v 

mica dampers on the filament, which greatly reduce any tendency 8 

towards microphony; in this respect, too, therefore, the KL 6 is an I 

extremely reliable valve. Two of these valves in a balanced circuit 
will deliver an output which for battery receivers is quite high, with mss 

relatively little distortion. The low filament consumption in such pig j 
circuits is another important feature; with an anode potential of Dimensions in mm. 
136 V, two KL 6 valves will give slightly more than 1 W, with about 3 

7 % distortion, the combined filament current being only 0.2 A. 

The sensitivity is such that the valve can be fully excited with any 
normal A.F. valve, or with a pentode functioning as grid detector. ^ ^ 


FILAMENT RATINGS 

Heating: direct by battery; parallel supply. 

Filament voltage.F/ = 2.0 V 

Filament current.7/ = 0.1 A 

CAPACITANCES 

Anode-grid. Cagi < 0.6 (iijlF 





Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

-. . “ Anode and screen-grid current as functions of the 

0 grid bias, with Fa - Fg, « 135 and 90 V. 

#74M 
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KL 5 


OPERATING DATA: KL 5 used as a single output valve 


Anode voltage. 

Va 

- 90 V 

136 V 

Screen-grid voltage. 

Vp^ 

- 90 V 

135 V 

Grid bias. 

V,^ 

- —4 V 

--6.6 V 

Anode current. 

h 

== 4.8 mA 

8.5 mA 

Screen-grid current. 

1 02 

0.9 mA 

1.5 mA 

Mutual conductance. 

8 

^ 1.4 mA/V 

1.7 mA/V 

Internal resistance. 

Ri 

— 180,000 ohms 

135,000 ohms 

Load resistor. 

Ra 

=- 19,000 ohms 

16,000 ohms 

Output power (10% distortion). 

Wo 

- 0.2 W 

0.53 W 

Alternating grid voltage (10 % distortion) . 

V, 

- 2.6 \,ff 

4.8 Yeff 

Sensitivitv (1% - 50 mW). 

V. 

- 0.7 \,g 

0.8 Yeff 


OPERATING DATA: KL 5 used in a 

balanced 

output stage 

[2 valves) 

Anode voltage. 

Va 

00 V 

135 V 

Screen-grid voltage. 


90 V 

1.35 V 

Grid bias. 

V 91 

—8.5 V 

—12 V 

Anode current (without signal).. 

lao 

2x1 inA 

2x2 mA 

Anode current at max. modulation ... 

la max 

2 X 3.6 mA 

2 X 6.25 mA 

Screen-grid current (without signal). . . 


2 X 0.1 mA 

2 X 0.35 mA 

Screen-grid current at max. modulation 

i gz max 

2 X 1.0 mA 

2 X 2.4 mA 

Load resistor between anodes. 

Raa 

25,(X)0 ohms 

25,000 ohms 

Output power at max. modulation . . . 

Wo 

3.5 W 

1.05 W 

Alternating grid voltage at maximum modu 




lation. 


6.5 Y ,0 

8.7 Yeo 

Total distortion at maximum modulation . 

^tot 

3.8% 

7 0/ 

* /C) 


MAXIMUM RATINGS 


Anode voltage. Va 

Anode dissipation. Wa 

Screen-grid voltage. 

Screen-grid dissipation (— 0 V). Wg^ 

Screen-grid dissipation (Wq = max.). Wg 2 

Cathode current. Ik 

Grid voltage at grid current start . . (Igi = + 0.3 /lA) Vgx 
External resistance between grid and cathode. Rg^k 


max. 200 V 
max. 2.0 W 
max. 200 V 
max. 0.5 W 
max. 1.0 W 
max. 12 mA 
max. —0.2 V 
max. 1 M ohm 


230 






























23 : 





















































■■■•■a 

laaBaa 

■aaaaa 

■■BBaa 

iBBBBa 

Ibbbbb 

Ibbbbb 



aaaaarT’ 

■■■aau 

aaaaar_ 

BaaaaktJapLJi^iHaBaaBBaBBaBBBBBl 

aaBaai t tit\\ -■ 

aaBBPi^_ _. 

BaaBaBaBBBBBBBBaaaaBBaaBaaaBBal 


laaBBBBBaawiaBBBBal 

-^BBa^rzi-aBJiBBBaal 

BBaBBaBBBBar::;«aaaaBaBBBBBBBBBB| 


Alternating grid voltage Fi, 
total distortion combined 
anode current la and combined 
screen-grid current iQt as 
functions of the output power, 
for two KL 5 valves in a Class 
B output circuit without grid 
current (Va = Fg, *= 135 V). 
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Fig. 8 

Alternating grid voltage Vi 
and total distortion dtot ot 
the KL 5 as functions of the 
output power. Va = Fg, = 
90 V. 


Fig. 9 

Alternating grid voltage Fi, 
total distortion dtot* combined 
anode current la and com¬ 
bined screen-grid current 
functions of the output power 
of two EL 5 valves in a Class B 
output circuit without grid 
current. Fa = Fgt “ 90 V. 
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Power output valves 

and 


Micropkone pre-amplifier pentod 



Power output valves 

In the following, details are given of a number of directly and indirectly- 
heated power output valves for use in small, medium and large amplifier 
equipment. Some of these valves, when employed in a balanced output 
stage, are capable of delivering up to 65 or even 133 W. The mutual 
conductance of all these types is very high, necessitating only a low grid 
input to load them fully. 

The valves concerned are the following: 

4641 directly-heated 25 W triode; Va — max. 1,500 V, F/ = 4 V. 

4654 indirectly-heated 18 W pentode; Va = max. 600 V, 

Fra = max. 425 V, F/ = 6.3 V. 

4683 directly-heated 15 W triode; V* = max. 350 V. F/ = 4 V. 

4689 indirectly-heated steep-slope 18 W pentode; Fa = max. 375 V, 

Fra = max. 275 V, F/ = 6.3 V. 

4694 indirectly-heated steep-slope 9 W pentode; Fa = max. 400 V, 
Fra = max. 425 V, F/ = 6.3 V. 

4699 indirectly-heated steep-slope 18 W pentode; Fo = max. 425 V, 
Fra = max. 425 V, F/ = 6.3 V. 

EL 51 indirectly-heated steep-slope 45 W pentode; Fo = max. 750 V. 
Fra = max. 750 V, F/ = 6.3 V. 

F 443 N directly-heated 25 W pentode; Fo = max. 550 V, 

Fra = max. 300 V. F/ = 4 V. 

Besides these. Philips are marketing ranges of smaller and also considerably 
larger valves, particulars of which will be gladly given on application. 

With the exception of types 4641 and F443 N, the amplifier valves in 
question are all fitted with the P-type, or side-contact, base. The small 
dimensions of these valves permit the design of small, compact amplifiers 
of outstanding efficiency, delivering high power with only slight distortion. 
The ranges include low and high power triodes for low-impedance output 
stages, as well as normal and steep-slope pentodes for high-impedance 
stages. The high working voltages of the new steep-slope pentodes, amongst 
other features, make it possible to design highly sensitive amplifiers incor¬ 
porating a minimum number of valves. 

234 



The daj» reproduced in the following pages relate only to valves in output 
stages operating without grid current; if a valve is run in the grid-current 
zone it is certainly possible to obtain higher efficieny and therefore a 
greater output from it, but on the other hand there is serious, audible 
distortion, arising from the alternating flow and cessation of the grid current. 
For high-fidelity reproduction, such as may be expected from a good ampli¬ 
fier, Class B circuits involving grid current are not recommended. 

This does not imply that the valves are not suitable for that purpose, 
however, and particulars will be furnished on request. 
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4641 


4641 Triode 



The triode, t 3 rpe 4641, is a directly-heated 
25 W valve intended mainly for use in balanced 
output stages, being equally satisfactory in 
Class AB or Class B circuits. In the latter 
instance the effective output is 68 W. 

In view of the anode voltage this valve is fitted 
with the 4-pin base, whilst special precautions 
have been taken in the design to prevent flash- 
over within the valve. 

FILAMENT RATINGS 

Heating: direct by A.C.; parallel supply. 

Filament voltage.F/ — 4V 

Filament current.// — 2.1 A 

CAPACITANCES 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Anode-grid 





OPERATING DATA 




Class B 
output with 
fixed grid 
bias 

(2 valves) 

Class AB 
output with 
auto, grid 
bias 

(2 valves) 

Class B 
output with 
fixed grid 
bias 

(2 valves) 

Anode voltage. 

Va (V) 

1,000 

1,000 

1,500 

Common cathode resistor 





for auto, grid bias . . . 

(ohms) 

— 

1,700 

— 

Fixed grid bias. 

V, (V) 

—93 

— 

—144 

Anode current (Ft = 0 V) 

lao (mA) 

2 X 10 

2 X 25 

2 X 10 

Anode current at maximum 





modulation. 

lam&x (niA) 

2 X 45 

2 X 28 

2 X 41 

Load resistor 





(between anodes) . . . 

Raa (ohms) 

20,000 

35,000 

40,000 

Output power. 

Wo (W) 

41 

29 

68 

Alternating grid voltage 
(per grid) at maximum 





modulation. 

Vi {Vet!) 

65 

58 

105 

Distortion at max. modu¬ 




lation . 

(%) 

2.35 

4.5 

1. 9 
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Total distortion, alter- 
natlng grid voltage and 
total anode current as 
functions of the output 
power of two 4041 valves 
in a Class AB output 
circuit with automatic 
bias Va - 1,000 V 
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Total distortion, alter 
nating grid voltage per 
grid and total anode cur 
rent as functions of the 
output power of two 4641 
valves in a Class B output 
circuit w 1th fixed bias 
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Total distortion, alter 
nating grid voltage per 
grid and total anode cur¬ 
rent as functions of the 
output power of two 4641 
valves in a Class B output 
circuit, with fixed bias 
Va - 1,500 V 
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4654 


4654 PentoJe 


The 4664 is an indirectly-heated steep-slope 18 W output valve for 
a maximum anode voltage of 600 and maximum screen-grid voltage 
of 425. In view of the high anode voltage involved and the relatively 
small dimensions of the valve, the anode connection is located at 
the top of the envelope; high voltages in the pinch are thus avoided. 
The suppressor grid is connected to a separate contact on the base, 
making the valve also suitable for amateur transmission work; with 
the screen and suppressor grids joined, the valve can be employed 
as an electron-coupled master oscillator, in which case the top cap 
ensures a conveniently short connection between the anode and 
oscillator circuits. 

The 4654 lends itself well to the following purposes in amateur 
transmitters: 

1) modulator in Class A, AB or B circuits, 

2) electron-coupled master oscillator, 

3) R.F. amplifier or frequenov-multiplier in intermediate stages 
(Class C), 

4) class C output amplifier in telegraphy transmitters, 

5) output valve for telephony (Class C), with modulation on both 

anode and screen grid. ^ 

It can be used as transmitter valve at all wavelengths from 50 m, ^ 
for which purpose a single valve, in a Class C amplifier, will deliver ^ 

a carrier-wave output 
power of 36 W, at 67 % 
efficiency, excluding cir¬ 
cuit losses (anode vol¬ 
tage 600 V, screen vol¬ 
tage 200 V, and grid 
bias —60 V). kf 

The valve is eminently 
suitable for simultaneous 9^\ 
modulation of both an¬ 
ode and screen, in which 
case it should once 
more operate on an 
anode voltage of 600 V, 
a screen voltage of200 V 
and a grid bias of —60 V, 
the output then being 


jbmSL 



Dimensiong in mm. 





Fig. 2 

Arrangement of 
electrodes and 
base connections. 


-sop 


Fig. 3 

Anode and screen current of the 4654 as func¬ 
tions of the grid bias, for various values of anode 
and screen potential. 


24 W (less circuit losses). Complete details 
wiR gladly be furnished on request. 

As an amplifier valve the 4654 has various 
possibilities, both in amplifiers and modu¬ 
lator stages. 

With a fixed bias, a supply voltage of Vb = 
426 V, an anode voltage of Va = 400 V 
and a common screen series resistor of 
Rff 2 = ^00 ohms, an output of 48 W 
can be obtained without exceeding the 
maximum anode dissipation of 18 W. 
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Anode current as a function 
of the anode voltage for 
various values of grid bias. 
Fg, •“ 275 V. 


HEATER RATINGS 
Heating: indirect by 
A.C., parallel supply. 

Heater voltage 

Vf == 6.3 V 
^ Heater current 
/ // = 1.35 A 

Hii I capacitances 

0 m 200 300 400 5^ Anode-grid 

*”*’ <"<.(„< 0.8/i/tF 

OPERATING DATA 

The 4654 used as single output valve in class A 

Anode voltage. Va -= 250 V 

Suppressor-grid voltage. Vgn — 0 V 

Screen-grid voltage. Vg^, — 275 V 

Cathode resistor. . . . - 175 ohms 

Anode current... la ~ 72 mA 

Screen-grid current.7^2 - ^ 

Mutual conductance. S ~ 8.5 mA/V 

Amplification factor; screen with respect to control grid . — 11 — 

Internal resistance.7^i - 22,000 ohms 

Load resistor. Ba ~ 3,500 ohms 

Alternating input voltage {Igi ~ -{- 0.3 //A). Vi =11.5 Yeff 

Power output (Igi ^ + 0.3 /lA) . . . Wq - 9.2 W 

Total distortion {Igi = + 0.3 juA) .... ... . dtot — 11.4 % 

Alternating input voltage [Wq = 50 mW). . — 0.5 Y^ff 


rig. 5 

Total distortion, anode and 
screen-grid current and alter¬ 
nating input voltage as func¬ 
tions of the output power; the 
4654 used as single output 
valve class A with Fo «= 260 V 
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4654 


The 4654 used in class B output stage with fixed grid bias (two valresj 
Load resistor between anodes . 5,000 5,000 ohms 

Common screen-grid series resistor Itg% — 500 500 6 hms 

Grid bias.—38 —^32 V 

Suppressor-grid voltage .... 7^8= 0 0 V 


voltage. 

Vi 

= . 0 

26.6 

26.5 

0 

22.4 

22.4 

Viff 

Supply voltage. . . 

Vb 

= 425 

425 

400 

375 

376 

360 

V 

Anode voltage . . . 

Va 

= 420 

400 

375 

370 

360 

325 

V 

Anode current.« . . 

la 

= 2x20 

2 x93 2x81.6 

2X20 

2X79 

2x70 

mA 

Screed-grid current. 

^92 

= 2 X 2,2 

2 X21 

2x18 

2x2.2 

2 X17 

2 X 16 

mA 

Power output . . . 

Wo 

= 0 

48 

39 

0 

36 

29 

W 

Total distortion . . 

diot 

= — 

2.5 

4.2 

— 

2.6 

4.0 

0 / 

/o 


The 4654 used in class AB output stage with auto, grid bias (two valves) 


Supply voltage. 

Vb 

= 

425 

375 

V 

Load resistor between anodes. . 

I^aa 

= 

6,500 

5,000 

ohms 

Common screen-grid series resistor 

Rg 2 

== 

2,000 

500 

ohms 

Common cathode resistor. . . . 

Rt 

= 

265 

195 

ohms 

Suppressor-grid voltage .... 

Vg, 

= 

0 

0 

V 

Alternating input voltage. . . . 

Vi 

= 

0 27 

0 

22.5 Veil 

Anode voltage. 

Va + VRb 

= 

406 400 

355 

360 V 

Anode current. 

la 

z= 

2x46.6 2x60 

2 x 53 2 x 66.5 mA 

Screen-grid current. 

lg2 

= 

2x 6.4 2X13 

2x6.6 2x16.5 mA 

Power output. 

Wo 

=r 

0 27.5 

0 

26 W 

Total distortion. 

dtot 

= 

— 5 

— 

3.5 % 


The 4654 used in triode connection as single output valve class A (screen-grid 
connected to anode) 

Supply voltage . . ^ 375 V Anode current. . . /« = 50 mA 

Suppressor-grid Alternating input 

voltage.= 0 V voltage.= 17.5 

Cathode resistor . , — 470 ohms Power output . . . TT^o == 4.5 W 

Load resistor . . . = 3,000 ohms Total distortion . . = 9 % 

The 4654 used in triode connection in class AB output stage with auto, grid bias 


(two valves) 

Supply voltage.= 400 V 

Load resistor between anodes.i?aa = 5,500 ohms 

Suppressor-grid voltage. 7^3 == 0 V 

Common cathode resistor. Bt- = 280 ohms 

Alternating input voltage.Fi = 0 ^ * 21 

Anode current./„ = 2 x 50 2 X 56 n hm« 

Power output. Wo = 0 13 W 

Total distortion. dun ^ _ 1 % 

MAXIMUM RATINGS 

7ao = max. 1,200 V Ik = max. 120 mA 

“ max. 600 V F^i {Ig^ — - 4 - 0.3 fiA) = max. — 1.3 V 

^ 18 W Hgiifluto. bias) = max. 0.7 M ohm 

= max. 1,000 V Rg^ Wcw) — max. 0.5 M ohm 

ygt == max. 425 V Vfk = max. 60 V 

(Ft = 0 ) — max. 3 W Rfk = max. 20,000 ohms 

Wg^ (Wo ^ max.) = max. 10 W 
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4683 


4685 Triode 

The 4683 is a directly-heated power triode 
having an anode dissipation of 15 W. 

FILAMENT RATINGS 

Heating: direct, A.C., parallel supply. 

Filament voltage.F/ = 4 V 

Filament current. If — 0.95 A 

CAPACITANCES 

Anode-grid. Cag < 20 yw/iF 


23365 

Fig. 2 

Arrangement of 
electrodes and 
base connections. 


OPERATING DATA 





Class AB output 
with auto, grid bias. 
(2 valves) 

Class B output 
with fixed grid bias. 
(2 valves) 

Anode voltage. 

Va 


350 V 

350 V 

Common cathode resistor for auto¬ 
matic bias. 

Rk 

_ 

850 ohms 


Fixed grid bias. 

Vo 

= 

— 

—75 V 

Anode current (without signal) . . 

lao 


2 X 43 mA 

2 X 35 inA 

Anode current at max. modulation 

la max 

= 

2 X 46 mA 

2 X 70 mA 

Load resistor (between anodes) . . 

Raa 

— 

8,000 ohms 

5,000 ohms 

Output power. 

Wo 

= 

16.6 W 

20 W 

Alternating grid voltage (per grid) 
at max. modulation. 

Vi 

_ 

51 Veff 

49 

Distortion at max. modulation . . 

dtot 


2.3% 

2.1 % 




Fig. 1 

Dimensions in mm. 


MAXIMUM RATINGS per valve 

Vao — max. 600 V 

Vq ~ max. 350 V 

Wa ^ max. 15 W 

Vg (Ig = + 0.3 fiA) = max. —2 V 

244 


Ik 

^gk (auto, bias) 
J^gk (fixed bias) 


— max. 90 mA 

= max. 0.7 M ohm 

— max. 0.3 M ohm 












4683 





tig 3 

AiKHle current as a function of the grid bias, 
with i u 350 \ 


JmirnAi 



Fig 4 

Anode <^irrent as a function of the anode soltagc for different \allies 
of grid bias 
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4689 


4689 Pentode 


This is an indirectly-heated steep-slope 18 W output valve using 
a maximum anode potential of 376 V. Two of these valves in a 
balanced circuit will deliver a combined output of nearly 29 W and, 
due jio the high mutual conductance, an output stage of this type 
will operate on a very moderate grid input; any ordinary A.F. 
amplifier valve is therefore sufficient to excite fully the output stage. 
In view of the high mutual conduetance, it is advisable to employ 
automatic grid bias; the published data relate to a constant screen 
potential of 275 V. Should a potential divider be used for the feed 
in order to reduce the screen voltage to 250 V, the screen voltage 
will fall on an increasing input signal, if the current passing through 
the potential divider is not sufficiently high; in consequence, the 
grid swing is reduced and, with it, the output. It is therefore recom¬ 
mended in all cases where such losses of power are undesirable, that 
the screen voltage be kept constant by means of stabilizer tubes, 
e.g. t 3 rpe 4687; this also has the advantage that the main voltage will 
not decrease as much as it is likely to do without stabilization. 

HEATER RATINGS 

Heating: indirect by A.C. or D.C.; parallel supply. 

Heater voltage.F/ = 6.3 V 

Heater current.// = 1.35 V 





32992 

Fig. 1 

Dimensions in mm. 



23571m 



CAPACITANCES 
Anode-grid 


(^agi < 0.8 ///^F 



25572 


Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Anode and screen-grid current of the 4680 as func¬ 
tions of the grid bias. Va •“ 375 V, ■" 275 V. 
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Class AB output 
with auto, grid bias 
(2 valves) 





Anode voltage. 

- 

375 V 

Screen-grid voltage. 


275 V 

Common cathode resistor. 

lit - 

165 ohms 

Anode current (without signal). 

Iqo “ 

2 X 48 mA 

Anode current at max. modulation. 

la max 

2 X 62 mA 

Screen-grid current (without signal). 

Igto 

2x5 mA 

Screen-grid current at max. modulation. 

Ig2inA\ 

2x9 mA 

Load resistor (between anodes). 

Raa - 

6,500 ohms 

Output power. 

Wo - 

28.5 W 

Alternating grid voltage (per grid) . . 


16 

Distortion at maximum output. 

dfot 

2.25 % 


MAXIMUM RATINGS per valve 
Vqo — max. 600 V 
Va ~ max. 375 V 
Wa = max. 18 W 
Vgzo ~ max. 600 V 


300' 




max. 275 V 




= max. 2 W 
nVa (H''o max.) 

= max. 3.5 W 
Ik — max. 90 mA 
Vgiilgi = +0.3M) 

= max. —1.3 V 
Rgil — max. 0.7 M ohm 
i?/A — max. 5,000 ohms 
Vfk ~ max. 50 V 


200 


too 


talmA) ^ 

*•* I 

.a 

f- t 1- 

t *-*■ 

d_ 1 

1, 


iM 

7T~ 

r 1 

111 

1 » 
i. -. 

- - 

•!1L 

r ' 

Lji 

r — 

... 


m 

.jl 


.k 


( i. 

llit 




■ 1 

j—2y- 

m 

S 

i 

-M--- 

<if ' .. 

r-6r 


ii- 

■flj- 

l!' 

- t6V 

--1 

m 

SSa 

85 


--12V 



M 

s 

—n- 


25575 

"TnrjjiirTr 


rr 


-mv r 
1 -^/, 


^tr 




\ -iSi , , WA 



600 


800 
Fig 4 


m 


Anode current of the 4681) ns 
a function of the anode v oltage 
for different values of grid bias. 
r(7, = 275 V 


Fig 5 

Total distortion, total anode 
and scrcen-grid current as 
functions of the output power; 
two valves 4689 In a Class B 
output circuit with automatic 
grid bias. 
























4694 


4694 Pentode 


The 4694 is an indirectly-heated steep-slope 9 W pentode. In balanced 
stages the available output is 12 to 13 W, which makes the valve 
very attractive for use in 10 W amplifiers. The maximum anode 
voltage is 400 V, that is to say 400 V on the anode and 426 V on 
the screen; the latter potential is thus slightly higher than that of 
the anode, so that allowance may be made for the voltage drop 
occurring across the output transformer. It is not necessary to feed 
the screen from a potential divider and the losses inherent in this 
type of feed are thus avoided, whilst the output is not reduced 
by decreases in the screen voltage at max. modulation. The rela¬ 
tively high working voltages of this valve make it possible to employ 
pre-amplification stages of very high sensitivity. Moreover, due to 
the high mutual conductance the alternating grid voltage is 
extremely low; grid bias, therefore, must be of the automatic type. 


.majr46 



Kl>r 1 

DiiiK'nsious in lam. 


HEATER RATINGS 

Heating: indirect, A.(\; parallc‘l supply. 

Heater voltage. 

Heater c^urrcuit .... 

CAPACITANCES 

Anode-grid. 


ij 


■ C, 


agi 


a 



IhA) 



f f 



electrodes and 
base connections. 


STATIC DATA 

Anode voltage . . Ta 
Screen-grid voltage 
Grid bias . . . . 
Anode current . . la 
Screen-grid current Jgz 
Mutual conductance S 
Internal resistance 


400 V 
426 V 
—15.6 V 
22 mA 
2.8 mA 
7 mA/V 
75,000 ohms 


Fig. 3 

Anode and screen-grid current of the 4694 as func¬ 
tions of the grid bias, with respect to different anode 
and sereeii voltages. 
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OPERATING DATA 


Class AB output 
with auto, bias 
(2 valves) 


Anode voltage. 

Screen-grid voltage. 

Common cathode resistor . , . 
Anode current (without signal). . 
Anode current at max. modulation 
Screen current (without signal). . 
Screen current at max. modulation 
Load resistor (between anodes). 

Power output. 

Alternating grid voltage. 

Distortion at maximum modulation 


400 V 
425 V 
315 ohms 
2 X 22 mA 
2 X 25 mA 
2 X 2.8 mA 
2 X 6.2 mA 
20,000 ohms 
13 W 
9 yeff 
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MAXIMUM RATINGS 
per valve 

Vao = n^ax. 650 V 

Va = max. 400 V 

Wa ~ max. 9 W 

Vgzo ~ max. 650 V 

Vgz = max. 425 V 

WgAVi-^ 0 ) 

= max. 1.3 W 


max. 2.7 W 
max. 55 mA 
+ 0.3 M) 
max. —1.3 V 
max. 1 M ohm 
max. 5,000 ohms 
max. 50 V 


Anode current as a function 
of the anode voltage for various y _ 

values of grid bias. Vgt = 

425 V. 


Fig. 5 

Total distortion, total anode 
and screen-grid current and 
alternating grid voltage, per 
grid, as functions of the 
output power. 2 valves 4694 
in a Class AB output stage 
with auto. bias. 
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4699 


4699 PentoJe 



This pentode is an indirectly-heated 18 W output valve of extremely 
high mutual conductance, for A.C. heater-supply. It was designed 
especially for small amplifiers with Class AB output stages. In view . , 
of the high mutual conductance the valve is extremely useful for Y 
supersensitive amplifiers. For two 4699 used in class AB output stage 
with automatic grid bias an alternating input voltage of 17 Veff 
is sufficient to obtain a power output of 29 W. Older types of 
amplif 3 dng valves such as the 4689 are supplied with an anode 
voltage of 376 V, with 275 V screen; owing to the necessity for 
feeding the screen from a potential divider for this type of valve, 
there is a considerable drop in output at maximum m^ulation as 
the current passing through the potential divider is not high enough. 

When the grid signal increases, the screen current also rises, so Dimension in mm. 
that when a high resistance potential divider is used the screen 
voltage and grid swing are reduced. In practice the decrease in 
output due to this potential divider is 10 to 20 %. 

The maximum anode and screen voltages of the 4699 are such that o. 
the latter may be fed direct, without the use of any potential 
divider, and the advantages of equal anode and screen potentials 
may be listed as foDows: 

a) Less costly circuit, since two fairly high-wattage resistors and ^ 
a smoothing capacitor are then unnecessary. 

b) Lower current con¬ 

sumption, in view of 
the absence of the '' 

potential divider. 

c) No reduction in out¬ 
put at maximum 
modulation, such as 
exists when the 
screen is fed from a 
potential divider. 

The 4699 gives good 
results on both high and low voltages 
( V\i == 450 V and = 375 V respecti¬ 
vely); in the latter instance it is possible 
to economise in the supply section of the 
amplifier, whilst in the other case the 
stages of pre-amplification may be made 
more sensitive. 

For a valve with such high mutual con¬ 
ductance the 4699 has an unusually low 
heater consumption (about 6.3 W), this 
being due mai^y to the special form of 
the cathode. 

HEATER RATINGS 
Heating: indirect by A.C.; parallel supply. 

Heater voltage.F/ = 6.3 V 

Heater current.// = 1.0 A 
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,250 


200 




Fig. 2 

Arrangement of 
electrodes and 
base connections. 


Fig. 3 

Anode and screen current of the 4609 as functions 
of the grid bias for various values of anode and 
screen potential. 
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Anode-grid.< 0.7 /y//F 


OPERATING DATA 

The 4699 used as single output valve in class A 

Anode voltage. 

Screen-grid voltage. 

Cathode resistor. 

Anode current. 

Screen-grid current. 

Mutual conductance. 

Amplification factor; screen vith respect to control grid 

Internal resistance. 

Load resistor. 

Alternating input voltage {ly^ — + 0.3 //A) .... 

Power output (/^,i = -f- 0.3 fiA) . 

Total distortion (Iq^ - f 0.3 /-<A). 

Alternating input voltage (ir^ — 50 niW). 


• ’> 

250 V 

• ^ Vi 

250 V 

. Kk 

90 ohms 

. la 

72 mA 

. hn 

8 niA 

. S 

14.5 niA/V 

■ /‘llS'li 

20 — 

. K, 

- 20,000 ohms 

. Ha 

3,500 ohms 

. I’i 

5.3 \eff 

- 11 ', 

8 W 

• '/m 

10 

. T’, 

- 0,3 Neff 


The 4699 used in class AB output stage with auto, grid bias (two valves) 


Supply voltage. 


425 

375 V 

Ix>ad resistor between anodes . Raa 

8,000 

6,000 ohms 

('ommon screen -grid series resistor /f 

2,200 

700 ohms 

C^athode resistor. 

. . Hi- 

170 

125 ohms 

Alternating input voltage . 

. . F, 

- 0 17 

0 14 Yeff 

Anode voltage. 

. . Va + Vjik=^ 405 400 

355 350 V 

Anode current. 

. . la 

2x46 2 a58 

2 V 52 2 X 64 mA 

Screen-grid current . . . . 

• • ^g2 

2/ 5 2 \ 14.5 

2 x6.5 2x16.5 mA 

Power output. 

. . Wo 

= 0 29 

0 27.5 W 

Total distortion. 

• • (hot 

- — 5 

- 4% 

The 4699 used in triode 

connection as 

single output valve class A (screen-grid 

connected to anode) 

Supply voltage . . Vb ~ 

375 V 

Alternating input 


Cathode resistor . . 7?/- --- 

300 ohms 

voltage .... 

. Fi - 11 Yeff 

Load resistor . , . Ba ~ 

4,000 ohms 

Power output . . 

. Wo - 4.5 W 

Anode current. . . /« = 

50 mA 

Total distortion . 

• diot — 9 % 
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4699 


The 4699 used in tnode connection m class AB output stage with auto, gnd bias 

(two valves) 




Supply voltage. . 

F'ft - 


400 V 

Load resistor between anodes 

^aa 

5,500 ohms 

Common cathode resistor 

JiL - 


175 ohms 

Alternating input voltage 

Vt - 

0 

^ Tas Yeff 

Anode current 

la - 

2/48 

2 x54 mA 

Power output 

- 

0 

13 W 

Total distortion 

(ItU 

— 

15 % 

MAXIMUM RATINGS 




Anode voltage in cold condition 

v„„ 

max 

800 V 

Anode voltage 

I a 

— max 

426 V 

Anode dissipation 

»a 

— max. 

18 W 

Screen gnd voltage m (old < ondition 


— max 

650 V 

Screen gnd voltage 


max 

425 V 

Screen dissipation wit}K)ut signal 

»yy 

= max 

2 W 

Screen dissipation at max modulation 


— max 

5 W 

Cathode current 

h 

max 

90 mA 

Gnd voltage at grid current start (Igy ~ 

1-0 3 fiA) ] j(i 

= max 

—1.3 V 

External resistanc c betw een grid and cathode (auto bias) B /j 

— max 

0.7 M ohm 

External resistance betw een grid and cathode (hxed bias) B 

max 

0 5 M ohm 

External resistance between heater and cathode Bn 

max 

20,000 ohms 

Voltage between heater and cathode 

hi 

— max 

50 V 


The 4699 is operated uith automatic grid bias, stim automatic bias may be employed, 
proMded that the cathode current m the output stage constitutes more than 50 °o of 
the total current Hoiking in the resistor producing the bias Th( \alue of R,/, must 
then be reduced in accordance with the following 

_ Cathode current of output \ahe ^ 

Total current passing thiough resistor prcxiucing the \oltage drop '' 

Due to the high mutual conductance, a stopper resistor of about 1,000 ohms is 
included in the grid lead to prevent oscillation 
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4699 



Total distortion anode and screen grid current and alternating input 
voltige as functions of the output power 2 valvfs 4699 used in 
class AB output stage with auto grid bias Vb 375 ^ 



Total distortion anode current and alternating input voltage as 
functions of the output power, the 4699 used as single output 
valve in triode connection (8creen*grid connected to anode) claaa A 
with Vb - 376 V 
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4699 

'MT_e-1_ K OKn 



Total distortion, anode current and aHernatiiti; input voltage as 
tunctions of the output valve; 2 valves 4d54 in tnode eonneetioii 
(scrcen-prid connected to anode) used in class AH out[)iit stane 
with rft = 4(H) V. 
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EL 51 


EIL 51 Pentode 


The EL 61 is a 46 W pentode for use in large amplifier equipment. 
Two of these valves in a balanced circuit with an anode and screen 
potential of 750 V will deliver an output of 140 W. A 68 W 
electric lamp must be connected in series with the screen grids to 
prevent the screen-grid being overloaded. The fact that the screen 
carries the same potential as the anode affords many possibilities 
in connection with the application of this valve, since the screen can 
be fed directly from the high-tension line, without necessitating the 
use of a potential divider carrying a high current. 

The grid input for maximum modulation is quite small on account 
of the high mutual conductance; the heater consumption is, never¬ 
theless, relatively low, being 12 W. 

HEATER RATINGS 

Heating: indirect by A.C. or D.C.; parallel supply. 

Heater voltage.F/ ~ 6.3 V 

Heater current.// = 1.9 A 


msSL 




A 

w 

1 


S2319 

Fig. 1 

Dimensions in mm. 


CAPACITANCES 

Anode-grid. Cag\ <1.5 /i/iF 


STATIC RATINGS 


Anode voltage. 

Screen-grid voltage. 

Grid bias. 

Anode current. 

Screen-grid current. 

Mutual conductance. 

Amplification factor; screen with 
rt'spect to control grid. . . . 
Internal resistance. 


la 

500 

750 V 

y,. 

500 

750 V 

y,>t 

—20 

—37.6 V 

la 

87 

60 mA 


13 

10 mA 

s 

11 

8 mAA^ 


- 16,500 

16,500 — 


33,000 

50,000 ohms 


a 



OPERATING DATA 


The EL 61 used in class B output stage with fixed grid bias 
(two valves) 


Anode voltage.Fa =- 

Scrt»en-grid voltage . . . 

(Jrid bias.F^i = 

Load resistor between anodes . . Raa — 

Alternating input voltage .... Vi — 

Anode current./« = 

Screen-grid current./^a “ 

Power output. Wq — 

Total distortion. dtu - 


750 

750 

—40 

6,000 

"o 


2 X 40 2 X 145 mA 
2x7.6 2x30 mA 

0 140 W 

- 5 % 


V 

28.5 " '' 


JSL 


SM9W 

Fig. 2 

Arrangement of 

*) A resistor of 1,000 ohms should be included in series with the common screen- electrodes and 
grid lead, or, better still, a special electric lamp (550 V, 08 W). base connections. 
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£L 51 


The EL 51 used in class AB output stage with auto, grid bias (two valves) 


Anode voltage. 

. Va 

= 

500 V 

Screen-grid voltage. 

. Vg, 

= 

500 V 

Common cathode resistor. 

■ ... Jit 

= 

100 ohms 

Load resistor between anodes. 

. Jiaa 

= 

4,800 ohms 

Alternating input voltage. 

.F, 


^ ^19 

Anode current. 

. la 

— 

2x87 2x110 mA 

Screen-grid current. 



2x13 2x23 mA 

Power output. 

. Wo 


0 67.5 W 

Total distortion. 

. (^tot 

— 

_ r; 0/ 

— / o 


MAXIMUM RATINGS 


Fao — 

max. 

1,500 V 

h 

= max. 

200 mA 

Va 

max. 

750 V 

Vn 

(Igi = + 0.3 flA) 


Wa 

max. 

45 W 


= max. 

—1.3 V 

Fyjo = 

max. 

1,500 V 

Jigi 

(fixed bias) = max. 

0.35 M ohm 

Vg, 

max. 

750 V 

Jigi 

(auto, bias) — max. 

0.7 M ohm 

(F. = 0) = 

max. 

7 W 

Vft 

~ max. 

50 V 

•Fy2(M'o=max.)= 

max. 

25 W 

% 

-- max. 

20,000 ohms 
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F 443 N 


F 445 N Pentode 



ao o o ( 7 / 


This is a directly-heated 25 W output pentode, 
fitted with a 5-pin base and suitable for a maximum 
anode potential of 550 V; the maximum screen 
g2 voltage is 300 V. 

On an anode voltage of 300 V the same potential 
may be applied to the screen, thus avoiding the 
necessity" for potential diAuder feeding, possibly with 
voltage stabilization. In balanced circuits, however, 
*** the maximum output power is then considerably 
lower than in the case of operation with an anode 
voltage of 550 V and a screen voltage of 250 V; 
a Class AB output stage employing two of these 
valves at the last-mentioned rating and with auto¬ 
matic bias \\ill yield 41 W A\ith 4.3 distortion. 

' FILAMENT RATINGS 



Fik 1 
Dimensions i 


ArrangLent of Heating: direct, A.(\, parallel supply. 

eiiTtrodes and Filament voltage. ] f 

baso connection*. pi,a„,ent current.// 


CAPACITANCES 

^ wn ^ 
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F 443 N 


OPERATING DATA 






Class AB 

Class AB 

Class AB 



Single 

Single 

output 

output 

output 



with 

with 

with 



ampli- 

ampli* 

auto. 

flxed 

auto. 



fler 

fler 

bias 

bias 

bias 



(Class A) 

(Class A) 

(two 

(two 

(tM’O 





valves) 

valves) 

valv«*8) 

Anode voltage . 

r« (V) 

550 

300 

5'0 

300 

300 

Sci*een voltage . 

V„ (V) 

200 

300 

250 

300 

300 

Fixed grid bias. 

Common cathode resistor 

(V) 

—30 

-^0 

— 

—63 

— 

for auto, bias. 

Anode current 

Jii (ohms) 

647 

455 

445 

— 

330 

(without signal) .... 
Anode current at max. 

lao (inA) 

45 

83 

2 X 45 

2 X 15 

2 X 64 

modulation. 

A/ mar 

— 

— 

2 X 53 

2x72.5 

2x72.5 


(inA) 






Screen current 

(without signal) .... 
Screen current at max. 

/j/2o(niA) 

1.4 

4.6 

2 X 0.8 

2 > 0.4 

2 ^ 2.0 

modulation . 

Jgz max 


— 

2 V 7.4 

2x14.3 

2 <11.9 


(mA) 






Mutual conductance . . . 

S(mA/V) 

3.2 

3.9 

— 


— 

Internal resistance .... 
Load resistor 

i?t (ohms) 

30,000 

20,000 

— 


— 

(between anodes) .... 

/2aa(ohm8) 

12,000 

3,600 

12,000 

4,500 

4,000 

Power output. 

Wo (W) 

12 

10.3 

41 

26.5 

24 

Distortion at max. output 
Alternating grid voltage at 

(%) 

10 

10 

4.3 

4.5 

2.9 

max. modulation .... 

r. (Veff) 

15.5 

20 

37 

46 

39 


Fif?. 7 

Total distortion and alter* 
natlng grid voltage as 
functions of the output 
power with Va - Vg^ = 
300 V. F 443 N used as 
a single output \alM'. 
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GF 50 


CF 50 Microphone pre anipliher pentode 

The CF 60 was specially designed for the amplification of very low 

voltages. Hum, background noise and microphony have all been pj-; 

reduced to a minimum and the principal application of the valve 
is as a pre-amplifier in crystal or ribbon-microphone equipment. 

This valve is capable of being operated to give a stage gain of about 
300, producing an effective alternating output voltage of 3 V with g 

less than 1 % distortion or, if required, a gain factor of between 395 v 

and 45 with distortion less than 0.4% and an output voltage of § 

0.1 Veff- This versatility of the valve may be ascribed to the fact that V ^ tJ 
the input signals in this case are extremely small. 

Details of the operating possibilities of this valve are set out in / 

Tables I and 11. -; 

In view of the fact that the valve is specially intended for the ampli- 

fication of very sm<tll signals, extra carc» must be taken to prevent Dimensions in mm. 

hum, since otherwise the level of the hum will quickly approach that 3 

of the input signal itself. For this latter reason the valve is equipped L 

with a bifiliar filament, in consequence of which the external 

magnetic field is very weak; as this field is proportional to the 

strength of the current, the heater current has been kept as low as Qt ^ 

possible, namely 200 m A, so that, m effect, there is hardly any external 

field at all. To ensure I Tl 
f(mAj sufficient emission from k f f 
sCmAAf) the cathode on this cur- ^292^ 

rent it has been neces- 
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■■iaaaaaailaaiiiiiaaaaaaaaaiiiaaaaaaaaaaaiiaaaaas'ti 



Fiji ,3 

Anode current 7a, screen-Krid current Ig^ and 
mutual conductance ^S’ as functions of the srld 
bias TVi Mlth Va »- 250 V and Vg^ =- 100 V. 


sary to employ a heater f * 

voltage of 30 V. The 
ultimate result is that, 
using a grid impedance ^ '* 7 ; d 

of 0.5 megohm, the vol- 
tage on the grid corres- ^ 

ponding to the hum on jg 

both grid and anode is S 292 S 

less than 1 fiV. Taking 2 

into consideration the ArranRcment of 
lact that the voltage base connections, 
delivered by the micro¬ 
phone is of the order of 1 mV, it may be 
claimed that the ripple level is very low 
indeed. In a cathode resistor without 
a decoupling capacitor the induced ripple 
voltage will be about 20 /xV. 

The equivalent noise resistance of the 
CF 60 is 2,500 ohms, which corresponds 
to an effective value of 0.7 for the 
noise voltage on the grid at a bandwidth 
of 10,000 c/s and this, compared with 
the voltages applied to the grid, is also 
extremely low. In fact, the equivalent 
noise resistance gives the impression 
of being unnecessarily low in com- 











CF 50 


klmA) 


S292i 


parison with the custom¬ 
ary value of the grid 
leak, but it should be 
remembered that crystal 
microphones have a 
markedly capacitive 
character, due to which 
fact the noise resistance 
of the microphone, for 
the greater part of the 
frequency range, is con¬ 
siderably lower than 
the matching resistance 
based on the response 
over a relatively small 
range of low frequencies. 

The low value of the 
equivalent noise resist¬ 
ance of the CF 50 is a 
result of the high mutual 
conductance with a low 
anode current (S — 3.3 mA/V, la — 1.5 mA). 

Finally it may be noted that microphony is eliminated as far as possible by the use 
of special double mica supports for the system of electrodes; on the whole, then, the 
CF 60 is an excellent valve for the pre-amplification stage of the more sensitive type 



fir 4 

Vnode current as a function of the anode voltage for different \alues 
of grid bias, at a screen potential of lOU V 


k^rrA} J2920 kOnA) Si922 



voltage for different values of grid bias, with 
250 V anode voltage. 



Fig. 6 

Anode current as a function of the screen voltage 
for different values of grid bias, with 260 V anode 
voltage. 
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GF 50 


of amplifier, more especially on account of the low noise resistance in cases where the 
voltage to be amplified comes from a source of which the noise resistance is also com¬ 
paratively low. ' , 


lOOOOfttiF 



ootiWolTd^ 


Fig. 7 

Circuit diagram showing the CF 50 used as a 
microphone pre-aropllfler. 


HEATER RATINGS 

Heating: indirect, A.C. or 
D.C., series or parallel 
supply. 

Heater voltage F/ ~ 30 V. 
Heater current // = 0.200 A. 

CAPACITANCES 

^0^1 < 0.03 fifiF 
^ Cg^ = 13 pifjiF 
Ca = U.5 fifiF 


STATIC RATINGS 


Anode voltage. 

Screen-grid voltage. 

Grid bias. 

Anode current. 

Screen-grid current. 

Mutual conductance. 

Internal resistance. 

Amplification factor; screen with respect to control 

grid. 

Equivalent noise resistance in the frequency range 
50 to 10,000 c/s. 


Va - 100 V 
Vg2 = 100 V 
Vg^ = -2 V 
la — 1.5 mA 
^g% ~ 0.3 mA 

8 = 3.3 mA/V 

Jf?i = 2 M ohms 

Meq == — 


250 V 
100 V 
—2 V 

1.5 mA 
0.3 mA 
3.3 mAfV 

2.5 M ohms 

45 

2,500 ohms 


TABLE I 


OPERATING DATA; CF 50 used as resistance-coupled A.F. amplifier without 
gain control (see Fig. 7) 


Supply 

voltage 

Anode 

resiator 

Screen- 
grid series 
resistor 

Cathode 

resistor 

Anode 

current 

Screen 

current 

Voltage 

gain 

Output 

voltage 

ToUl 

distortion 

r6 

(V) 

Ra 

(M ohm) 

R9% 

(M ohm) 

Rk 

(ohms) 

la 

(mA) 

Igt 

(mA) 

To} Vi 

Vo 

(yeff) 

dtot 

(%) 

260 

0.3 

0.9 

2,000 

0.7 

0.18 

315 

3 

< 1 

200 

0.3 

0.8 

3,000 

0.5 

0.15 

260 

3 

< 1 

100 

0.3 

0.4 

7,000 

0.2 

0.07 

160 

3 

< 1 

250 

0.2 

0.7 

1,800 

0.9 

0.22 

295 

3 

< 1 

200 

0.2 

0.64 

2,000 

0.7 

0.18 

245 

3 

< 1 

100 

0.2 

0.32 

5,000 

0.3 

0.09 

145 

3 

< 1 

250 

0.1 

0.64 

1,800 

0.9 

0.22 

280 

3 

< 1 

200 

0.1 

0.56 

2,200 

0.7 

0.19 

230 

3 

< 1 

100 

0.1 

0.28 

5,000 

0.3 

0.09 

140 

3 

< 1 
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TABLE II 


OPERATING DATA: GF 50 used as a resistance-coupled A.F. amplifier with 
control of the amplification (see Fig. 7) 


Supply 

voltage 

Anode 

resistor 

Screen- 
grid series 
resistor 

Grid 

bias 

Anode 

current 

Screen- 

grid 

current 

Voltage 

gain 

Output 

voltage 

Total 

distortion 

Vh 
(V) _ 

Ra 

(M ohm) 

Rgt 

(M ohm) 

Vg^ 

(V) 

la 

(mA) 

igt 

(mA) 

Vo! Vi 

Vo 

(Veff) 

dtot 

(%) 

450 

0.3 

1.0 

—2 

1.4 

0.38 

395 

0.1 

0.2 

450 

0.3 

1.0 

—6 

0.72 

0.18 

260 

0.1 

0.2 

450 

0.3 

1.0 

—10 

0.22 

0.06 

90 

0.1 

0.2 

450 

0.3 

1.0 

—11 

0.11 

0.04 

45 

0.1 

0.4 

450 

0.3 

1.0 

—12 

0.04 

0.02 

7 

0.1 

3 

450 

0.2 

0.8 

—2 

1.78 

0.44 

350 

0.1 

<0.2 

450 

0.2 

0.8 

—6 

0.94 

0.23 

230 

0.1 

<0.2 

450 

0.2 

0.8 

—10 

0.18 

0.05 

45 

0.1 

<0.2 

450 

0.2 

0.8 

—11 

0.08 

0.02 

20 

0.1 

0.4 

450 

0.2 

0.8 

—12 

0.03 

0.01 

3 

0.1 

3 

450 

0.1 

0.5 

—2 

2.8 

0.64 

245 

0.1 

<0.2 

450 

0.1 

0.5 

—6 

1.5 

0.33 

180 

0.1 

<0.2 

450 

0.1 

0.5 

—10 

0.25 

0.05 

38 

0.1 

0.3 

450 

0.1 

0.5 

—11 

0.09 

0.02 

15 

0.1 

1.1 

450 

0.1 

0.5 

—12 

0.03 

0.01 

3 

0.1 

5 


MAXIMUM RATINGS 

Anode voltape in cold condition . . . max. 550 V 

Anode voltage. Va ' max. 250 X 

Anode dissipation. . M a max. 1 W 

Screen voltage in cold condition . Vg^o max. 550 V 

Screen voltage at ~ 1.5 mA .... F ^2 max. 125 V 

Screen voltage at Ja < 0.25 inA. Vg2 - max. 450 V 

Screen dissipation .... Wg^ •— max. 0.5 W 

Cathode current.max. 10 mA 

Grid voltage at grid current start (Igi — + 0.3 fiA) Vgi ^ max. -1.3 V 

External resistance between control grid and cathode Rgijc = max. 3 M ohms 

External resistance between heater and cathode* . . . lifjc 20,000 ohms 

Voltage between heater and cathode. Vfi max. 100 V 
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Rectifying valves for amplifiers 



Rectifying valves for amplifiers 


In general, the current and voltage required for an amplifier need to be higher than 
in the case of radio receivers, and the rectifiers employed, therefore, have to be capable 
of suppl 3 dng more power. It is also important that the voltage delivered by the 
rectifier should remain as constant as possible in spite of wide fluctuations in the load 
in view of the fact that the output stages of amplifiers are usually of the belanced 
t 3 rpe as, in that case, the current varies more or less, according to whether a Claas B 
or Class AB circuit is employed. 

A low internal resistance of the rectifier is therefore a necessity, which means that the 
power transformer and choke should be generously proportioned, whilst the internal 
resistance of the rectifying valve itself should also be low. As is generally kno\^Ti, the 
internal resistance of gas-filled rectifying valves is very low indeed, since the voltage 
drop vithin the valve is constant at almost any value of the current; this voltage 
drop is actually equal to the arc voltage of the gas-filling, that is, about 13 V. 

Uniformity of the volt- 

L L age on varying loads 

- 1 ('an be further increased 

i i by placing a choke of 

4=0 aBC2P/?u ssC Sa-o sufficiently high induct- 

q q ance first in the sequence 

^ _______ ^ ^ of the smoothing circuit, 

SS 99 S instead of a capacitor. 

A The direct voltage ob- 

X o ^tainable from a given 

a) Smoothing circuit commencing with a capacitor. , • 

b) Smoothing circuit in uhlch the first clement is a choke. alternating voltage 18 

then certainly slightly' 
lower, but it is at the 

same time much less dependent on the load. The low internal resistance of the rectifier 
circuit therefore only comes into its own when the first element in the smoothing 
circuit is the choke; if a capacitor occupies this position the average value of the 
direct voltage with a low current rises almost to the peak value of the alternating 
voltage on the transformer, so that the direct voltage output is actually more dependent 
on the current delivered than might be concluded from the low internal resistance of 
the transformer and rectifying valve. The same thing applies when the smoothing circuit 
commences with a choke of insufficient inductance, only in this case it is due to the 
smoothing capacitor following the choke; the inductance of the choke must therefore* 
exceed a certain minimum value which can be found very simply by means of the* 
following formula: 

T " 

' '^ 1000 ’ 

where L is the inductance of the choke in Henries and Ra the resistance of the external 

, , . , , T. direct voltage , 

load in ohms (Ra = -^ j i- -j)* 

current delivered 


It follows, then, that the choke must be larger according as the current delivered is 
less. The loading characteristics of gas-filled rectifying valves show that the voltage* 
varies only very slightly as a result of very wide fluctuations in the current; at low value's 
of the current the voltage does rise rather rapidly, but this is explained by the presence 
of the smoothing capacitor at the output side of the choke. 

In a smoothing circuit commencing \^ith a capacitor the internal resistance of the 
transformer should not be merely as low as possible, as the current surge passing 
through the valve during the time that the capacitor is charging then becomes toc» 
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Fig. 2 

a) Direct voltage across the reservoir condenser in a fall<wave rectifier circuit. 

b) Direct voltage across the load resistance when no smoothing circait or 
reservoir condenser is used. 

In both figures the alternating transformer voltage is shown by a broken 
iine. When the hatched areas in the two figures a) and b)are equal, the average 
direct voltage in both cases will also be equal. 


great; when the 
choke is the first 
element ih the 
circuit this does 
not apply. 

For smaller am¬ 
plifier equipment 
Philips are now 
supplying their 
AX land AX 60, 
both of which are 
designed for use 
with a transfor¬ 
mer giving a 
maximum of 2 X 


600 V on no load; 

the first-mentioned valve delivers 125 mA and the second 250 mA, D.C. The AX 1 
is therefore suitable for amplifiers of which the output stage consists of two 4683 or 
4694 valves, whilst the AX 50 will operate an amplifier using two 4654 valves (at 
426 V) or 4699 valves (at 425 V); for larger amplifiers, half-wave gas-filled 
rectifying valves are supplied in the transmitting range, e.g., the DCG 1/150 or 
the DCG 4/4000. Details will be furnished on application. 


271 



AX 1 



AX 1 Foil-wave gas-lillecl rectifying valve 

Tha AX 1 is a full-wave gas-filled rectifying valve for use in ^ max 47^ 
the smaller class of amplifiers. 


FILAMENT RATINGS 
Heating: direct, by A.C. 

Filament voltage.F/ = 4.0 V 

Filament current.— 2.4 A 


MAXIMUM RATINGS 
Secondary (A.C.) voltage of the power 

transformer on no load. Vtr — max. i^xouu Fig. i 

D.C. output. lo = TTi A Dimensions in mm. 

Voltage drop in the valve. Varc 

Capacitance of the capacitor across the 
input of the smoothing circuit . . 

When a capacitor is connected across 
circuit: 

The ohmic resistance in the D.C. 

circuit, with C = 64 yuF. Ht 

The ohmic resistance in the D.C. 

circuit, with C = 32 /iF. Jit 

The ohmic resistance in the D.C. 

circuit, with C — 10 yuF .... 

KEY TO SYMBOLS 

The ohmic resistance lit in the D.(\ circuit, wh(*n the smoothing 
circuit commences with a capacitor, constitutes the ohmic resist¬ 
ance of the secondary winding of the transformer together with 
that of the transformer primary, i.e. Rt = 

first component of the smoothing circuit is a choke, however, this 
resistance value must be augmented to the extent of the ohmic 
resistance of that choke: 

i- 71* Rp, The voltage delivered may be calculated from the expression: 
Vo = 0.45 Vtr — loRt — Farr* m which Vtr is the effective alternating voltage of 
the secondary winding of the transformer, for example F^r 2 x 500 V. The induct- 

R V 

ance of the choke should be at least equal to ® or (F© in volts and 7© in mA), 

l,UUu Vi 

where 7© is taken to be the lowest value occurring; in an amplifier having two output 
valves in a balanced output stage, this will be the current flowing in the amplifier 
without excitation. From this it will be seen that with a 12-henry choke, the character¬ 
istics begin to flatten out only at 7© = 30 mA approx. At lower current values the 
loading curves rise steeply, owing to the effect of the smoothing capacitor. A choke 
having a higher inductance wiU produce straight characteristics down to lower current 
values, for instances 42 henries — 10 mA. 

Fig. 4 shows the loading characteristics of the AX 1 used in a circuit in which a capa¬ 
citor is the first smoothing element, and comparison of these with the corresponding 
curves for a high vacuum valve such as the AZ 4 shows clearly that the former are 
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Vtr 

— max. 2 x 500 

h 

= max. 125 mA 

^arc 

— max. 15 V 

a 

- max. 64 jliF 

the mput of the smoothing 

Ht 

mm. 200 ohms 

Jit 

min. 150 ohms 

Jit 

- min. 100 ohms 



FiK. 2 

Arrangement of 
electrodes and 
baso connections. 










AX 1 


very much flatter with a low value of the internal resistance Rt\ also that the direct 
voltage is higher for the same altematmg mput. direct voltages obtained from a 
smoothing circuit in which a capacitor is the first component are, further, higher than 
those m a circuit contaimng a choke as the first smoothing element. 



Fig 3 

Loading curves (D G voltage as a function of 
the current delivered) for various values of the 
resistance Bt -»(Aj^+its+n* J3p), in a smooth¬ 
ing circuit commencing with a choke The 
voltages at lower current values wih a choke of 
12 or 42 henries are shown by broken lines 


J2S7S 




Fig 4 

Loading curves (D G voltage as a function of 
the delivered current) for various values of the 
total resistance Bt » (Bg 4* n'jRp), In a smooth¬ 
ing circuit commencing with a capacitor. 
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AX 50 


AX 50 


Full-wave gas- MeJ rectifyiug valve 


The AX 50 is a full-wave gas-filled rectifying valve for use in 
fairly large amplifier equipment. 


FILAMENT RATINGS 
Heating: direct by A.C. 

Heater voltage. Yj ^ ^ V 

Heater current. — 3.75 A 

MAXIMUM RATINGS 

Secondary (A.C) voltage of the power 

transformer on no load.TV max. 2 x 500 \,ff 

D.C. output. lo max. 250 mA 

Voltage drop in the valve. Van ~ max. 15 V 

Permissible capacitance of capacitor 
across input of the smoothing circuit: C - max. 64 /iF 
When a capacitor is connected across the smoothing circuit: 

The ohmic resistance in the D.(\ 

circuit, with C = 64 /iF.mm. 200 ohms 

with C = 32 /nF . I^f - min. 150 ohms 

with C -- 16 juF . Iff - min. 100 ohms 



PiR. 1 

Dimensions in mm. 



For the correct operation of this valve reference should be made 
to the notes on the AX 1. 



32966 

FiK. 2 

Arrangement of 
i>ase connections 
and electrodes. 
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FiK. 4 

lioading curves (direct voltase as a function of 
the output current) for different vaiucs of the 
total resistance iff »> its + n* Bp in a 
sinoothini; circuit in which the first component 
is a capacitor. 


Fig. 3 

Loading curves (direct voltage as a function of 
the output current) with respect to different 
A alues of the total resistance Rt — {Bj^ + its + 
n* Bp) in a smoothing circuit in which a choke 
IS the first component. The voltage curves 
relating to lower values of current for chokes 
of 12 and 42 H are shown by the broken lines. 













£F 9 


OPERATING DATA: £F 9 used as resistance-coupled A.F. amplifier with 
controlled amplification 

(in amplifiers or A.C. receivers) 


Supply 

Voltage 

Anode 

coup¬ 

ling 

res. 

Screen 

series 

res. 

Cathode 

res. 

Control 
voltage 
on con¬ 
trol 
grid 

Anode 

current 

Screen 

current 

Alter¬ 

nating 

input 

volts 

Alter¬ 

nating 

output 

volts 

Voltage 

gain 

Total 

distor¬ 

tion. 

Vb 

(V) 

Ra 

(M ohm) 

Rgt 

(M ohm) 

Rk 

(ohm) 

VR 

(V) 

la 

(mA) 

ht 

(mA) 

Vi 

{yeff) 

Vo 

lyeff) 

Vo 

Vi 

dtot 

(%) 

260 

0.2 

0.8 

1,760 

0 

0.87 

0.26 

0.028 

3 

106 

0.8 

250 

0.2 

0.8 

1,750 


0.69 

0.21 

0.075 

3 

40 

0.8 

260 

0.2 

0,8 

1,750 

—10 

0.56 

0.17 

0.13 

3 

23 

1.1 

250 

0.2 

0.8 

1,750 

—18 

0.37 

0.11 

0.27 

3 

11.6 

1.6 

250 

0.2 

0.8 

1,750 

—25 

0.17 

0.05 

0.45 

3 

6.7 

2.7 

250 

0.2 

0.8 

1,750 

0 

0.87 

0.26 

0.047 

5 

106 

2.4 

250 

0.2 

0.8 

1,750 

—5 

0.69 

0.21 

0.125 

5 

40 

2.4 

250 

0.2 

0.8 

1,750 

—10 

0.65 

0.17 

0.22 

5 

23 

1.9 

250 

0.2 

0.8 

1,760 

—18 

0.37 

0.11 

0.42 

5 

11.6 

2.4 

250 

0.2 

0.8 

1,750 

—25 

0.17 

0.05 

0.75 

5 

6.7 

4.4 

250 

0.2 

0.8 

1,750 

0 

0.87 

0.26 

0.094 

10 

106 

2.7 

250 

0.2 

0.8 

1,750 

—5 

0.69 

0.21 

0.25 

10 

40 

2.7 

250 

0.2 

0.8 

1,750 

—10 

0.55 

0.17 

0.43 

10 

23 

3.7 

250 

0.2 

0.8 

1,750 

—18 

0.37 

0.11 

0.86 

10 

11.6 

4.8 

250 

0.2 

0.8 

1,750 

—25 

0.17 

0.05 

1.46 

10 

6.7 

8.8 

250 

0.1 

0.4 

1,000 

0 

1.6 

0.45 

0.035 

3 

85 

0.8 

250 

0.1 

0.4 

1,000 

—6 

1.22 

0.36 

0.083 

3 

36 

0.8 

250 

0.1 

0.4 

1,000 

—10 

0.92 

0.28 

0.15 

3 

20 

1.2 

250 

0.1 

0.4 

1,000 

—18 

0.57 

0.18 

0.33 

3 

9.2 

1.8 

260 

0.1 

0.4 

1,000 

—25 

0.36 

0.11 

0.55 

3 

5.6 

2.8 

250 

0.1 

0.4 

1,000 

0 

1.6 

0.45 

0.059 

5 

85 

1.3 

250 

0.1 

0.4 

1,000 

—5 

1.22 

0.36 

0.14 

5 

36 

1.4 

250 

0.1 

0.4 

1,000 

—10 

0.92 

0.28 

0.25 

5 

20 

2.1 

250 

0.1 

0.4 

1,000 

—18 

0.67 

0.18 

0.55 

5 

9.2 

3.1 

250 

0.1 

0.4 

1,000 

—25 

0.36 

0.11 

0.91 

5 

6.5 

4.8 

260 

0.1 

0,4 

1,000 

t 

0 

1.6 

0.45 

0.118 

10 

86 

2.6 

250 

0.1 

0.4 

1,000 

—5 

1.22 

0.36 

0.28 

10 

36 

2.7 

250 

0.1 

0.4 

1,000 

—50 

0.92 

0.28 

0.49 

10 

1 20 

4.1 

250 

0.1 

0.4 

1,000 

-18 

0.57 

0.18 

1.08 

10 

9.2 

6.1 

250 

0.1 

0.4 

1,000 

—25 

0.36 

0.11 

1.83 

10 

5.6 

9.5 


Note. The values for the voltage gain relate to cases where the grid leak of the next 
valve is 0.7 megohm. The control voltage on the grid must not be interchanged with 
the grid bias, which consists of the control voltage augmented by the voltage drop 
across the cathode resistor. 
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Current regulator tube^ (Barretters) 

When the heaters of the receiving and rectifying valves in a receiver 
are connected in series, fluctuations in the mains voltage will produce 
under- and over-heating of the filaments very much more quickly 
than when the heaters are arranged in parallel. The n^ason for this 
is that, primarily, there is usually a resistor in series with the 
heaters, to reduce the supply voltagd’to the sum of the heater 
voltages. When the ^niains voltage rises, the current increases, as 
does also the resistance of the heaters, so that the current does not 
increase as quickly as the voltage; the resistor included in the 
heater circuit does not show an appreciable increase in value, 
however, seeing that, owing to the presence of this resistor, the 
increase in the total resistance is less than if the heater circuit 
consisted of heaters only. In A.(\/D.C. receivers the heaters, with the 
resistor in series with them, are therefore subjected to a ht^avier 
strain than the heaters of A.C. sets which are usually connected in 
parallel, and it is a ver\ much better procedure in such cases to 
employ a current regulator tube, or barretter, in series with the heaters 
instead of a resistor. 

These barretters comprise an iron wire suspended in a bulb con¬ 
taining hydrogen, and they possess the particular feature that the 
resistance of the iron wire increases to such an extent on an increasing 
voltage that the current remains practically constant. In certain 
cases the current will even tend to dimmish, but this applies only 
to a certain range of voltages. 

When one of these tubes is included in the heater circuit of a re(*eiver, 
the heater current, within certain voltage limits, is maintained at a 
constant level, this being all to the good for the valves from the point 
of view of their life. The use of a barretter is particularly important 
in A.C^/D.C. receivers since, due to under-heating, the internal 
resistance of the rectifying valve and consequently also the voltage loss 
in the latter increase very considc'rably; the anode voltage, which will 
have dropped as a result of the decrease in the mains voltages, is 
thus further rt‘duced. 

The voltage range within which the heater currtmt is kept constant 
is in certain circumstances so wide that the heater circuit of the 
receiver can be connected directly to mains voltages of very different 
values, e.g., 220 and 170 V. 

A factor to be taken into account is the current surge occurring 
when the receiver is switched on, the valves being in the cold con¬ 
dition; if this surge is too great, the life of the barretter will be 
endangered and it is therefore usual to include a resistor in series 
with the tube, to limit the surge. Taking the simplest case, this 
resistor might consist of the heaters of the receiving valves them¬ 
selves, whose resistance value in the cold condition is about 
to Vio^^ value when hot. In this connection^ Philips quote 

for their barretters both the maximum voltage that may occur in 
the tube when the set is switched on, and the minimum total heater 
voltage of the receiving valves with which the tube is in series. 
The minimum total heater current of the valves thus represents the 
minimum resistance which must be in series with the barretter when 
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Sc^'mN^e 

w ■ 

. a ?-, 

9^99 

fir. 4 

liase connect ionn of 
the C 1 and C 1*. 



FX *«wr7 

KiR, :> 

IJaHO connect Ions of 
the t' 3 and C 8. 
font acts 1 and 2 are 
eon fleeted toRether 
ao ttiut A.('./l)f. 
reeelvera ean he 
HHltehed for high 
\oltaRe mains. 



99999 


Fig. 6 

IJase eonneetlons of 
the (3 10. Contacts 
2, 3, 4 and 0, as 
a ell as 7 and 8 dre 
shorted so that 
A.C./D.C. receivers 
may l>e switched 
for operation on 
low' voltage mains. 


the “cold” receiver is switched on. Lv^he ccuse of the C 1, fo> instance^ 
the minimum total heater voltage df the receiidng valW in the 
working condition must 1^ 52 V; i!be resistance of the hot Valves ia 

62 ** 
then = 260 ohms and in the cold condition abbut V? x 260 — 37 

ohms. In this instance the mains voltage must not exceed 250 Vr 
At lower mains voltages the surge is smaller, which fact can be taken 
into account. If the sum of)j^he heater voltages of the particular 
valves used is less than the minimum total heater voltage it may 
be advisable to include a small resistance in seilte with the valves, 
to augment the resistance of the latter in the cold condition. 

Any pilot lamp in scries with the valve heaters is especially likely 
to suffer as a result of surges; the ordinary pilot lamp is normally 
quite useless for this type of receiver, as it bums out too quickly, 
and special lamps have to be employed. The current surge on the 
pilot lamps will always be greatest when a receiver, fitted with a 
large number of valves, is operated on a low mains voltage and 
may even reach seven times the amount of current consumed under 
normal working conditions. Less stringent requirements are placed 
upon the pilot lamp when a current regulator such as the C 1 or 
C 2 is emplo 3 ^ed. 

In order to eliminate the surge entirely', barretters have been designed 
incorporating a built-in resistor apart from the resistance wire; 
the value of this limiting resistor at, say, 20° (i.e. when cold) 
will be 2,000 ohms and when hot (3(K)°) 100 ohms. When the receiver 
is switched on the n^sistance consists mainly of the limiter resistor 
(2,000 ohms), the electrical energy being there converted to heat. 
The time rt»quired to raise* this resistor to its “hot” temperature is 
sufficient also for the wire in the barretter to heat up, so that, by 
the time the value of the limiter has reached its lowest resistance 
the barretter is able to absorb the whole of the surplus voltage 
arising from the fact that the more tardy cathodes of the receiving 
valves arc* b^’ then not sufficiently hot. The pilot lamp is then not 
overloaded when the receiver is switched on, and an ordinary 200 mA 
lamp may be used. 

The presence of a limiting resistor has the effect of reducing 
slightly the range of control of the barretter, but not to such an 
c‘xtent as to impair the practical usc*s of these tubes, and Figs 9 
and 10 illustrate the action of the barretter ^'ith built-in resistor, 
in limiting the surge. 

When D.C. receivers are operated on different mains voltages, it is 
usually sufficient to change the resistor in series with the valve 
heaters; the resistors in the cathode, screen-grid and anode circuits 
need not be changed asthesearegenerally of such a value that the valven 
will be operating at their specified voltages when used on 220 
mains. On a lower voltage, how^ever, of say 110 V, the screen 
resistors are no longer of the correct value and the receiver would 
be operating on lower voltages than those w hich would give the best 
results. 

In A.C./D.C. receivers this simple solution is not applicable, since 
many A.C. mains are of lower voltage (127 V) and it is necessary to 
ensure that the set will work properly w^hen operated on these as 
well. In order to obtain satisfactory performance and output when 
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PZ 23*99 

Fig. 7 

Base connections of 
the C 9. Contacts 
3, 4, and 0, also 7 
and 8 are shorted 
to enable A C./D.C. 
receivers to be 
adapted for low 
mains voltages. 


changing over to lower voltage mains, it is necessary not only 
to change the barretter in the heater circuit but also to short- 
circuit some of the resistors in the anode and screen circuits, and 
readjust the matching of the speaker transformer; fig. 11 shows 
how these changes may be made. Here, all the screens are fed from 
a common resistor J?i, to reduce the potential to 100 V with high 
voltage mains; further, a resistor is placed in series with the 
screen grid of the output valve to lower the already reduced voltage 
to 75 V for the CL 2, or 83 V for the CL 6. It is not necessary to 
modify the value of the cathode resistors. When the receiver is 
to be used on low mains voltages both the resistors R^ and R^ 
are short-circuited; resistor i? 3 , w^hich serves to protect the rectifying 
valve when the set is working on high voltage, is also shorted on 
low voltage in order that full use may be made of the available 
potential. The matcliing impedance is usually changed by altering 
the anode voltage (for the CL 6, r« = 100 V, — 2,000 ohms, 
or Va 200 V, Ra — 4,500 ohms) and provision must therefore 
also be made for changing the ratio of the output transformer. 
By suitably linking up certain contacts on the base of the barretter 
which would otherwise not be used, all the resistors in question 



p 


Fig 8 


can be short-circuited and the output transformer suitably strapped, 
simultaneously. Barretters for high voltages are supplied with a 
shorting link between contacts 1 and 2, the base in this ease being 
know as type PX (Fig. 5); the base for low mains barretters is the 
PY (Fig. 6) and that in which the connection to contact 2 is omitted 
is type PZ (Fig. 7). 

For high mains voltages Philips also supply a barretter without 
a limiting-resistor fitted 


Base connections of 
the C 12 For high 
mains voltages con¬ 
tacts 5 and 8 are 
used; for lo>^ volt¬ 
ages (‘ontacts 5 and 
7, i e , switching 
should be pro\ ided 
between 7 and 8. 


wdth a P-type base having 
no shorting links. Another, 
similar type for low vol¬ 
tages is also supplied. These 
arc the C 1 (high voltage) 
and C 2 (low voltage). 
Barretter C 2 with PY 


base is known as the C 10, and with PZ 


base as the C 9. 


There is also a tube having two different 


M03t 



Fig i) 

Heater current as a function of time after 



switching on a receiver, the valve heaters being 
in series with a barretter without a limiting 
resistor. 

internal resistance wires, one having the 
properties of the C 1 and the other those 
of the C 2 and, needless to say, this tube 
has no shorted contacts on the base. 

As the regulating range of barretters with 


limiting n'sistor is slightly smaller than 
Heater current as a function of time, after otherwise, several of these tubes are required 
switching on a receiver of which the valve in order to cover all possible mains voltages, 
heaters are in series with a barretter fitted with ^ i. -x* .li t 

a limiting resistor. However, with a view to limiting the number 
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Fill. 11 

Circuit diagram ahowinc method of swltchluK A.C./D.C. receivers 
from 220 V to 110 or 127 V mains, uslnfs barretters for high and 
low voltages. The numbers of the different pcjints in the diagram 
correspond to those indicated on the base of the barretter. 


of barretter types, and 
since a different barretter 
would be required for every 
value of mains voltage, it 
is usual to employ the 
barretter only for the high 
voltages, in this case the 
C 3. Complete data regard¬ 
ing Philips barretters for 
A.C./D.C. receivers are giv¬ 
en in the table below. 


200 mA Barretters 




Without resistor to limit the surge 

With 

limitiim 

resistor 


C 1 

(^2 

C8 

C9 

C 10 

C 12 

C3 

Controlled 








current . . . 

0.200 

0.200 

0.200 

0.200 

0.200 

0.200 

0.200 A 

Control range. . 
Maximum work- 

80-200 

35-100 

80-200 

35-100 

35-100 

80-200 

35.1(X) 

100-200V 

ing voltage. . 

200 

100 

200 

100 

100 

200 100 

200 V 

Max. voltage 
across barret¬ 








ter on switch¬ 








ing on the re¬ 








ceiver .... 

250 •) 

160 ») 

2.50 >) 

160 2) 

160 ') 

250») 160 2) 

250 VI) 

Dimensions. . . 

Fig. 1 

Fig. 2 

Fig. .3 

Fig. 2 

Fig. 2 

Fig. 3 

Fig. 1 

Base. 

P30 

P .30 

P30X 

P30 Z 

P30 Y 

P30 

P 30 X 

Base connections 

Fig. 4 

Fig. 4 

Fig. • 

Fig. 7 

Fig. 6 

Fig. 8 

Fig. 5 

Curves. 

Fig. 12 

Fig. 1.3 

Fig. 15 

Fig. 16 

Fig. 17 

Fig. 18 

Fig. 14 


*) The total heater voltage of the receiving valves connected in series with the barretter must be at 
lt‘a8t 52 V. 

■) The total heater voltage of th«* recei\ing valves connected in series ^lith the barretter must be at 
least 74 V. 


The rectangles shown in dotted lines in the following characteristics indicate the 
tolerances on the current as regulated by the barretters and the voltage limits on the 
range of control. 
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Barretters 



FiK. 18 

I pper diagram. Current as a function of the \<'ltape acnms tlie soi'tion 
A-C of the resistance %%ire of the tube C 12. 

Lower diagram. Current as a function of the voltajie across fl»e section 
A-B of the resistance wire of the tube C 12. 
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Stabilizing tubes 


Stabilizers are used in all cases where it is necessar^^ to keep the 
voltage in a receiver or component thereof as constant as possible, 

BO that the latter may be sufficiently independent of the current 
consumption and of fluctuations in the applied mains or battery 
voltage; in this way the flxed grid bias of an amplifier or measuring 
instrument may be stabilized. , 

The neon stabilizer tube depends for its action on the fact that the 
current flowing through it rises rapidly as the voltage is increased. seoss 

When the voltage is applied to the tube through a resistor, the rise i 

in current produces a corresponding increase in the voltage drop Arrangenient of 
across that resistor, thus partly neutralizing the increase in poten- stabilizer tube, 
tial; in many instances the internal resistance of the voltage source 
is sufficient to provide a stabilizing effect, in which case the 
resistor may be dispensed with. 

Fluctuating loads produce voltage variations in the series resistor, which in turn are 
compensated by variations in current in the neon tube. To ensure effective stabili¬ 
zation, small voltage variations on the tube must occasion the greatest possible variations 
in current, and the ratio of the voltage increase to the corresponding current increase 
in the tube is known as the A.(\ resistance. The latter should be as low as possible, 
being actually about 250 ohms in the case of the tube type 4687, so a voltage increase 
of 2.5 V on the tube will produce an increase in the current of 10 mA. The D.C. resist¬ 
ance indicates the relationship between the current through and the voltage across the 
tube. 





ft) (b) (c) (i) (e) 



Dimensions in mm. and base connections of the various Philips Neon Stabilizers, 
tt) Type 100 E 1 c) Type 4367 t) Type 4687 

b) Type 18201 d) Type 7475 
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Stabilizers 


The 4687, with 90 V, will pass a current of 20 mA and the D,C. resistance is there¬ 
fore 4,500 ohms. 

A neon tube has to be “started up” by an “ignition” voltage, which is in every case 
higher than the normal working voltage, and precautions must be taken to ensure that 
when the switch is closed the receiver does not take so much current that the voltage 
drop across the series resistor prevents the tube from igniting. The “quenching” 
voltage must also be borne in mind; at a given voltage, which is somewhat lower than 
the working voltage, the discharge is quenched and re-ignition will take place only 
when the load has decreased to the extent where the voltage on the tube is once more 
equal to the ignition voltage. When the tube has been quenched, therefore, there 
will be a period during which no stabilization takes place. 

A rectifier provided with one of these stabilizers may be looked upon as a source of 
voltage of very low internal resistance, since the voltage at the terminals of the sta¬ 
bilizer is independent of the load and remains practically constant. It follows, then, 
that a stabilized rectifier will tend to reduce R.F. or A.F. coupling through the 
medium of the internal resistance. Further, the neon tube improves the smoothing 
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of the rectified voltage, because* voltage variations arising from tin* ripple art* also 
stabilized. 

Admittedly, the A.C. resistance of the neon tube increases with the frequency, but 
at normal mains frequencies it >^ill not deviate to any gw'at extent from the pub¬ 
lished value. 

If the voltage to be stabilized is very much higher than the tube voltage a number 
of tubes may be connected in series with each other, in which case, however, at least 
one of them must be shunted by a fairly high resistor, say 0.1 megohm; otherwise 
the tubes v^ill not ignite (see Fig. 8). 
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Ihrcf n<<»n tui>es connected 
in Bcrit 8 to gtabilire approxim 
atelv 270 \ J he output circuit 
i8 rcprcHcntcd l»\ the reaiator 
yt, paa^inR a current /, at a 
\ oltaRt 1 , 1 1 ia the 1) ( 

voltage source with super 
imposed alternating voltage 
(voltage fluctuations), and Jti 
is the internal or series resist¬ 
ance of the voltage source 
A resistor of 01 megohm 
is connected across one of 
the tula s to enable ignition to 
take place 















Stabilizers 


and immediately consume current, thus reducing the voltage across the other tubes 
in parallel with it, which would thus have no further chance of ignition. 

Philips make five different types of neon voltage stabilizers suitable for use in large 
or small equipment and the working values of these tubes have been so selected as 
to provide a tube for almost any conceivable project. The general data are as given 
in the following table: 

DETAILS OF PHILIPS STABILIZING TUBES 


Type 

Dim. 

and 

liaac 

conneot- 

ioiib 

Base 

Operating 
voltage 
at stated 
quiescent 
current 

Maximum 

starting 

voltage 

Quiescent 
current *) 

Upper 
current 
limit fur 
stabili¬ 
zation 

Lower 
current 
limit for 
stabili¬ 
zation 

Max. A.C. 
n'sistanee 




(V) 

(V) 

(mA) 

(iiiA) 

(mA) 

(ohms) 

4357 

Flp. 2c 


85—100 

IIQI 

20 

40 

10 

75 

4687 

Fig. 2e 

V 26 

85—100 

115 

20 

40 

10 

250 

7475 

Fig. 2d 


1)0—110 

140 

4 

8 

■■ 

700 

13201 

Fig. 2b 

A 48 

00-110 

140 

100 

200 

15 

00 

100 E 1 

Fig. 2a 

A 40 

00—105 

140 

125 

200 

50 

30 


To enaurf' a reaaonablo life, the apedfle avonijre value for the current paasin^ through the tube should 
not be exceeded. 


Philips neon stabilizers are “burned” or screened first on A.(\ and then on D.C\; 
it is recommended that the negative pole of the voltage source be connected to the 
electrode indicated as cathode and the positive pole to the anod(‘. 
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Tables 

of data regarding other “Miniwatt” Receiving and 
Rectifying Valves, Philips Cathode-Ray Tnhes, 
Photo-electric Cells, Thermo-couples 
and special tnhes. 




Class 

(application in 
parenthesis) 


Double-diode (13) 


Double-dio<lp (13) 


^ (connec- 

tions in 
jmren- 


GBGl I Doul)le-dio<ie triodc (9) | 100 x 37 





GG2 Triode (3, C, 10, 11) 100 x 37 


GF2 109 X 42 


li.F. ^a^i-n^u pentode ^ P30 

CF3 106 X 4.1 


R.F. pentode 
(1, 2, 7, «, II) 


GKl I Octode (4) 


GL2 *) Output pentode (12) 123 x 46 



Heater ratings 


Heat- I Heater 
ing I volts 



200 40 

indir. 24 0.200 200 40 

100 50 


KEY TO THE FIGURES REPRESENTING THE APPLIGATION 
IN THE “GLASS” GOLUMN 


1 “ R.F. amplifier 

2 == I.F. amplifier 

3 » Oscillator 

4 ** Frequency changer (oscillator modulator) 

5 = Modulator 

6 » Orld det. with transf. coupling 

1 « Grid det. with resistance coupling 
S «= Anode det. with resistance coupling 


9 Diode det. with A.F. amplification 

10 = A.F. amplifier with transf. coupling 

11 «= A.F. amplifier with resistance coupling 

12 = Output amplifier 

13 ~ Diode detector 

14 »= Klectronic Indicator 

15 - Balanced output amplifier without grid current 

16 « Balancec output amplifier with grid current 











































































































CONTACT (P) BASE 



>) H.T. supply voltage. Details In this column referred to re8iatanrc*coupl«»d A.F. amplification. 

*) Stage gain (alternating anode volts/alternating grid volts). 

•) Screen series resistor. 

*) Suitable only for series-heater supply. 

•) Conversion conductantT. 

») Negative volts provided by grid leak of 60,000 ohms during oscillation, with a grid current of 100 uA 
(Vosc - 8.6 Veff). 

•) Screen current Ig|-f-gi «■ 3.8 mA. 

») Capacitance between anode and grid 4. 

For base connections see pp. 310-313. 
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THERMO-COUPLES 


Type 

Approx. 

12 mV EMF 
at a 
heater 
current 
of: 
niA 

Indication varies 
proportionally 
with the square 
of the heater 
current and is 
accurate to 2 % 
up to: 
inA 

Max. current 
througli 
heater \iilre 

niA 

Short over¬ 
load current 
through 
heater wire 

inA 

Kesistance 
of heater 
wire 

(approx.) 

ohms 

Kesistance 
of thermo¬ 
couple 
(approx.) 

ohms 

TH 1 

10 

5 

15 

20 

75 

5.5 

TH 2 

20 

10 

30 


23 

3.0 

TH 3 

40 

20 

75 


7.3 

' 3.0 

TH 4 

100 

50 

150 


2.2 

3.0 

TH 5 

200 

100 

800 

IHiHH 

1.1 

3.0 


F = Connections of 
heater wire 


+ E — thermo-couple 
pos. pole 


-E - thermo-couple 
nog. pole 


NEON INDICATOR TUBE 



* 

Type 

Dlam. exdud. 
pins 

mm 

Base (connec¬ 
tions in 
parenthesis) 

Ignition volts 
on aux. anode 

Va, 

V 

Working 
volts on 
main anode 

Va, 

V 

Main anode 
current with 
cathode 
fully lighted 
la, 
niA 

Aux. anode 
current 

la. 

fix 



small 





MM 

98 X 13 

4-pln 

(XXII) 

165—190 

150—170 

2 

40-50 


AMPLIFYING VALVES FOR 


Type 

Application 

Maximum 

dimensions 

without 

pins 

mm 

Base 

(connections 

in 

])arcnthcsis) 

Heater ratings 

Heat¬ 

ing 

Heater 

volts 


4060 

Electrometer triode 

142 X 58 


dir. 

0.7 

0,7 

E1C(4671) 

Triode for U.8.W. receivers 
(Button valve) 

35 X 30 

■IQiiEni 

indlr. 

6.3 

0.15 

EIF (4672) 

Pentode for U.S.W. receivers 

(Button valve) 

48 X 30 

— SBI 

indir. 

6.3 

0.15 

4673 

Pentode for measuring instruments 

121 y 47 

■Kzjnil 

indlr. 

4 0 

1.36 

4674 

Diode for measuring Instruments 

35 X 30 

— EB— 

indir. 

6,3 

0.15 

E2F (4695) 

Vari-mu pentode for U.8.W. 

(Button valve) 

48 X 30 


indir. 

6.3 

0.15 

C408 

Triode for valve voltmeters and 
other measuring instruments 

94 *) X 48 

HiHIH 

dir. 

4.0 

0.25 


») Without Ipp cap. •) Max. peak A.C. voltage. 

For base connections 
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BARRETTERS 



*) without piiih. 

») The total heater voltage of the receiving Nalves in series with the barretter must be at least 94 V. 


SPECIAL PURPOSES 


Anode Anode Grid Screen Volts 

volts current bias volts grid 3 

la vgi vg, vg. 



Igi 

ohms uk 



4 

- 

m 

- 

- 

- 

0.028 

approx. 

0.5 


<10-*‘ 

- 

- 

- 

4060 

180 

IQ 


- 


- 

mmn 

25 

12,500 

- 

1.4 

1.0») 

0.6 ‘) 

Etc (4671) 

250 

2.0 

a 

100 

0 

D 

1.4 

2,100 

1.5 X 
10' 

- 

<0.007 

3.0 

mi 

EIF (4672) 

250 

8.0 

-2.5 

200 

0 

1.5 

5.0 

>7,500 

UiiH 

- 

<0.012 

9.6 

mi 

4673 

180>) 

0.8») 


- 

- 

- 


- 


- 

- 

1.15‘) 

□ 

4674 

260 

6.7 

IS 

100 

0 

2.7 

IMIil 

1,000 

IH 

B 

<0.007 


E2F(4695) 

160 

14 

L::L 


- 

- 


8 

3,000 

- 


- 


C408 



') Max. D.C. through grid leak. 

see pages 310-313. 


*) Anode/cathode capacitance. 


*) Grid/cathode capacitance. 
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6.3 VOLT METAL AND GLASS VALVES 


Type 

i 

Class 

(application in 
imrenthesis) 

Max. dim. 
without 
pins 

mm 

Base 

Heater ratings 

Anode 

volts 

Va 

V 

Anode ^ 
current 

la 

mA 

Grid 

bias 

Vgi 

V 

(connec¬ 
tions in 
paren¬ 
thesis) 

Heat¬ 

ing 

Heater 

volts 

V 


EBll 

Double-diode with 2 sep. 
cathodes (13) 

43.5 X 43.5 

mKBStm 

indir. 

6.3 

0,200 


- 

- 

EBGll 

Double-diode triode (9) 

37.5 X 43.5 

y8A43.5 

(72) 

indir. 

6.3 

0.200 

250 

mm 

—8 

100 

2 

BESi 

SM 

0.75 

B 

EBFll 

Double-diode and 1 F. 
pentode (2, 13) 

37.5 X 43.5 

Y8A43.5 

(76) 

indir. 

6.3 

0.200 

250 

H 

—2.0 

—41 

100 

B 

—2.0 

—16 

EGHll 

Triode-hexode (4) 

37.5 X 43 5 

Y8A43 5 
(78) 

indir. 

1 

0 200 

Vb = 
250<) 

BSB 



El 

m 

200») 

El 

_2 

-12“) 

EGLll 

Triode and output tetrode 
(11. 12) 

110 X 46 

Y8A35 

(77) 

indir. 

6.3 

1.0 

250“) 

IqIII 

■BCTI 

250“) 


— 6 

EDDll 

Double output triode (16) 

43 5 X 43.5 

Y8A43.5 

(80) 

indir. 

6.3 

0.4 

250 

qEQB 

—6.3 

EFll 

B.F. vari-niii pentode 
(1, 2) 

■ 

Y8A43 5 
(73) 

indir. 

6.3 

0 200 

250 

6 

—45 

100 

6 


EF12 

E.F. pentode (1,2, 7,8,11) 


Y8A43.5 

(73) 

indir. 

6 3 

0.200 


3 


Vb- 

250>) 

0.9 

B 

EF13 

Low-noise K.F. pentode (1) 


■KEnil 

Indir. 

6 3 

0.200 

JQJI 

I^E 

B 

EFMll 

A.F. anipl. pentode and 
electronic indicator 
(11, 14) 

■ 

Y8A35 

(79) 

Indir. 

6.3 

0.200 

Vb-VZ 
•= 250») 

1 

— 1.5 

^-20 

ELI IN 

Steep-slope output pentode 
(12, 15) 

110 X 46 

Y8A35 

(75) 

indir. 

D 

0.9 


EBM 

—6 


EBRyE 

- 

EL12 


110x51 

mKmtm 

Indir. 

6.3 

IB 

8SI 

72 

B 

EMU 

Dual sensitivity 
electronic indie. (14) 


Y8A35 

indir. 


0.200 

Vb-VZ 

<-250 

>- 

B 

- 

BT 


*) H.T. supply voltage. The data in this column refer to resistance-coupled L.F. amplification. 

') Stage gain (alternating anode volts divided by alternating grid volts). 

*) Screen-grid series resistor. 

*) Data for the triode section when used as oscillator: H.T. voltage applied through anode resistor of 
80,000 ohms. 

*) Negative voltage obtained during oscillation, for a grid current of 200 wA, with a grid leak of 60,000 ohms 
(VoBC - 8 Veff). ^ 

*) Data for the bexode section. 

’) With fixed screen voltage. When the screens g, and g 4 are fed through a resistor of 60,000 ohms, a bias of 
-18.6 V is required lor reducing the mutual conductance to one-hundreth of the uncontrolled value. 

•) Ig, -f Ig4. 

•) Conversion conductance. 

>•) With fixed screen voltage. 'When the screens g. and gt are fed through a resistor of 60,000 ohms, a bii^i 
of -17.6 V is required for reducing the mutual conductance to one-hundredth of the uncontrolled value. 
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WITH 8-PIN BASE 



Type 

EBll 

EBGli 

EBFll 

EGHll 

EGLll 

EDDll 

EFll 

EF12 

EF13 

EFMll 

ELllN 

EL12 

EMli 


Data for the triode section. 

>*) Data for the tetrode section. Valve to be used with auto, bias only. To avoid parasitic oscillation a control- 
grid stopper of about 1,000 ohms (without decoupling) must be used. 

») From anode to anode. 

'*) Measured with EDO 11 as driver valve (Va -* 260 V, Ek * 1,600 ohms), transf. ratio n * 3 : (1 -f 1). 

Alternating grid voltage on grid of EEC 11, Vi « 4.6 Veff. 

“) Light-angle measured at edge of screen. 

^*) Extra resistor of 20,000 ohms with decoupling capacitor, in series with anode-load resistor. 

^’) Valve to be used only with auto. bias. 

^') To avoid parasitic oscillation a grid stopper of about 1,000 ohms without decoupling must be used. 

^*) Common cathode resistor. 

'*) For 2 valves in balanced circuit. 

>1) With 3^ % distortion. 

**) Alternaerng grid voltage per grid. 

**GUi 88*’ column 8ee page 290; for base connections see pp. 310-313. 
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4 VOLT DIRECTLY-HEATED A.C. VALVES 






Heater ratings 




Type 

Class 

(application in 
parenthesis) 

Max. dim. 

mm 

Base 
(connec¬ 
tions in 
paren¬ 
thesis)^) 

Heat¬ 

ing 

Heater 

volts 

V 

Heater 

current 

A 

Anode' 

volts 

Va 

V 

Anode 

current 

la 

mA 

Grid 

bias 

1' 

AB2 

Double-diode (18) 

85 X 29 

V24 
_(66) 

indir. 

4.0 

0.66 

IB 

- 

- 

ABCl 

Double-diode triode (9) 

100 X 37 

l■£m 

indir. 

4.0 

0.65 

250 

4.0 

app.~7.0 

ABLl 


130 X 46 

P36 

(39) 

indir. 

JIIQQIIII 

m 

250 

36 

Rk » 160 
ohms') 

AC2 

Triode (3, 11) 

100 X 37 


indir. 

4.0 

0.65 

250 

6.0 

app.—-5.5 

ADI 

Output triode (12) 


P35 

dir. 

4.0 

0.05 

250 

60 

—46 

135 X 4j8 

(25) 

dir. 

4.0 

0.95 

250 

2x00 

2x62.5 

Rk » 376 
ohms *) 

AF3 


106 X 43 

■Sni^ 

indir. 

4.0 

0.65 

250 

8.0 

app.—3.0 
—65 

AF7 

R.F. pentode (1, 2, 7,8,11) 

106 X 43 

■■ 

indir. 

4.0 

0.65 

250 

3.0 

app.—2.0 

AHl 


no X 46 

P35 

(44) 

indir. 

4.0 

0.65 

250 

1.7 •) 
<0.015 

app.—2.0 
—24 


■■■ 


indir. 

4.0 

0.65 

250 

3.0 

<0.015 

app.—2.0 
-20 

AK2 

Octode (4) 

117 X 47 

BcMIl 

indir. 

4.0 

0.65 

250 

1.6 

<0.015 


ALl 

Output pentode (12) 

115 X 51 

■RBII 

dir. 

4.0 

l.l 

2.50 

36 

app.—15 

AT 1 

Output pentode (12, 15) 


P35 

indir. 

4.0 

1.0 

250 

30 

app.—25 

ALtJi 

B 

(36) 

indir. 

40 

1 0 

250 

Wfxm 

EBB 

AL4 

Steep-slope output pentode 

(12, 15) 

115 X 46 

BHD 

indir. 

4.0 

1.75 

250 

36 


ALB 

Steep-slope output pentode 
(12. 15) 

117 X 51 

P35 

indir. 

4.0 

2 0 

250 

72 

—14 

(35) 

indir. 

4.0 

2.0 

250 

2x58 

2x65 

Rk 120 
dims *) 

AMI 


75 X 28 

■Esni] 

indir. 

4.0 

0.3 

QHQ] 

0.096 

0.021 

Ml 

BUI 








250 w) 
250 “) 

B 

B 

AM2 

Electronic indicator 
(14) 


P30 

(52) 







75 X 31 

indir. 

4.0 

0.32 

260 -*) 
0») 

B 

- 








260 »•) 


KBI 


>) The numeral after the letter Indicates the greatest diameter of the base. 

*) To be used only vdth self-bias. With this value of cathode resistor the bias is about — 6 V. 

•) With 6 % distortion. 

Common cathode resistor. 

») With 1,8 % distortion. 

*) The data in the horizontal line refer to oscillation conditions with Yosc »» 9 Veff. 

*) Ig. + Igi. 

') Conversion conductance. 

*) Negative voltage obtained daring oscillation with a grid current of 190 uk passing through a grid leak of 
50,000 ohms (Vosc «• 8.5 Veff). This includes the grid bias produced by the cathode resistor. 
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For the meanings of the figures representing the applications in the 

































































































































































WITH SIDE CONTACT (P) BASE 



”) Screen-grid current Ig, + Ig, « 8.8 mA. 

»*) Capacitance between anode and grid 4. 

») With 3 % distortion. 

«) With 5.1 % distortion. 

Electronic tuning indicator. 

**) H.T. supply voltage. 

'*) At this voltage the fluorescent screen shows light sectors of 16° (measured at edge of screen). 
**) At this voltage the fluorescent screen shows light sectors of 00** (measured at edge of screen). 
“) Voltage on the triode anode. 

**) Typical characteristics of the triode section. 

*") Light-angle measured at edge of screen, 

**Cla88” column 8ee page 290; for baoe connections see pp. 310-313. 
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4 VOLT A.C. VALVES (FOR PRE-AMPLIFYING STAGES) 



*) Without plus. 

■) The figure placed after the capital letter indicates the maximum diameter of the base, 

’) Across a resistor of 20,000 ohms. 

*) Conversion conductance. 

*) Capacitance between grid 1 and grid 8. 

•) Neg. voltage passing through grid leak of 50,000 ohms with a current of 100 //A, during oscillation. (Vosc »=8 Veff). 


For the meanings of the figures representing the applications in the 
298 









































































































































































WITH PIN BASE 



1 

Type 

ABl 

ACHl 

AF2 

AKl 

£409 

E424N 

E438 

£442 

E442S 

E444 

E444S 

£445 

£446 

£447 

£448 

£449 

E452T 

£455 


E499 


This voltage Includes the grid bias produced by the cathode resistor. 
») Screen current Ig»+g, - 8.8 mA, 

■) Cap. between anode and grid 4. 

•) Current to 3rd grid. 

«) Vosc - 6.3 Veff. 

”) Conversion conductance at Vosc « 6.3 Vefif. 


**Glas8** column see page 290; for base connections see pages 310-313. 
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4 VOLT A.C. OUTPUT VALVES 



») Without pins. *) With 5 % distortion. 

180 mA D.C. 



*) Without pins. •) Current third grid. •) Vosc 6.3 Veff. 

300 For the meanings of the figures representing the applications in the 























































































































































































WITH PIN BASE 



Ki Ba Wo 
ohms I ohms I W 


175 70,000 11,000 2.9 


100 1 87,000 8,000 


0 I 5,000 I 12,000 0.65 *) I 12 


60 45,000 20,000 1.35 12.1 


100 60,000 22,000 1.12 


60 I 35,000 i 15,000 2.8 


37 25,000 15,000 3.0 


130 I 43,000 7,000 



VALVES 



Type 


B2006 

B2038 

B2043 

B2044 

B2044S 

B2045 

B2046 

B2047 

B2048 

B2049 

B2052T 

B2099 


*) Conversion conductance at Vosc » 6.3 Veff. •) At 5 % distortion. 

**Gla88” column 8ee page 290; for baae connections see pages 310-313. 
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BATTERY VALVES 



*) Anode current without signal. •) At Va = 120 V. 

*) From anode to anode. *) Volts on control grid. 


GAS-FILLED TRIODES 



The striking surge must be limited by means of a resistor In the cathode or anode circuit. 

The value of this resistor is determined by the max. voltage across the capacitor. 

•) To determine the max. grid current it should be remembered that during ignition the grid, anode and cathode 
are ail roughly at the same potential; the tube may therefore be regarded as a node in the circuit. 

302 For the meanings of the figures representing the applications in the 














































































































































































WITH PIN BASE 



*) Pt^ntlal of space-charge grid. 
*) Conductance of control grid. 

FOR TIME BASE 


•) Conductance of space-charge grid. 
•) Without pins. 

• With 5 % distortion. 


Arc 

(quench) 

volts 

V 

Max. 
peak 
volts 
between 
grid and 
anode 

V 

Max. 

peak 

volts 

anode- 

cathode 

V 

Max. 

peak 

anode 

current 

mA 

Max. 
average 
current 
during 
oscUla* 
tion 
mA ») 

Max. 

peak 

grid 

current 

mA •) 

Max. 

volts 

between 

heater 

and 

cathode 

V) 

Batio: 

ign. 

volts to 
grid 
volts 

Max. 

obtain¬ 

able 

frequency 

c/s 

Tyve 

app. 17 

350 

300 

300 

3 

■■ 

100 

20 


4686 

app. 38 

1,500 

1,000 

750 

10 

■BB 

100 

35 


EG50 


The resistors (without decoupling) determine the current passing to the grid. If this is too high a resistor 
must be included in the grid circuit. 

*) The cathode must always be positive with respect to the filament. 

**Gla88** column 8ee page 290; for baae connections see pages 310-313. 303 




























































































































POWER OUTPUT 


Typo 

Class 

Max. 
dim. *) 

mm 

Base 

(Connec¬ 

tions 

in 

paren¬ 

thesis) 

Heater ratings 

Applications 

Anode 

volts 

Va 

V 

Screen- 

volts 

Vg, 

V 

4 

Anode 

current 

without 

signal 

lao 

mA 

Heat¬ 

ing 

Heater 

volts 

V 

1 

E406N 

Trlode 

ISO X 51 

AS5 

(1) 

dir. 

4.0 

1.0 

Class A, 1 valve 

500 

— 

mm 

Class B, 2 valves 

■H 

— 

2 X 20 


500 

n 

2 X 24 

E408N 

Triode 

125 X 61 

A35 

(1) 

dir. 

4.0 

1.0 

Class A, 1 valve 

400 

B 

Bi 

Class AB, 2 valves 

400 

n 

2 X 20| 

Class AB, 2 valves 

400 

B 


E443N 

Pentode 

110 X 67 

040 

(20) 

dir. 

4.0 

a 

Class A, 1 valve 

400 

|W!iB 

30 

Class AB, 2 valves 

400 

jRBHI 

2 X 25 

E451 

Double- 
grid output 
valve 

123 X 65 

035 

(19) 

dir. 

40 

1.1 

Class A, 1 valve 

HSil 

B 

22 

Class B, 2 valves 

300 

B 

2x6 

Class AB, 2 valves 

400 

- 

mm\ 

E707 

Triode 

188 X 52 

W42 

(60) 

dir. 

B 

B 

Class A, 1 valve 

800 


35 

Class AB, 2 valves 

800 

B 

2 X so 

Class AB, 2 valves 

800 



F410 

Triode 

145 X 61 

A40 

(1) 

dir. 

4.0 

B 

Class A, 1 valve 

550 

— 

45 

Class AB, 2 valves 

550 


2 X 20 

Class AB, 2 valves 

550 

— 

2 X 45 


*) Without pins, 

*) Anode and grid 2 shorted; as driver valve. 

•) Grids 1 and 2 shorted; qi^eration with grid current. 

*) Load resistor for optimum output, lloughly twice this value is recuinniendcd 'Rlien used as driver valve 
for Class B output stages operating with grid current. 


AMPLIFYING AND DETECTOR VALVES FOR 





Base 

Heater ratingf 

Type 

Class and application 

dim. over 
pins 

(Connec¬ 
tions in 
parenthesis) 

Heat¬ 

ing 

Heater 

volts 

Heater 

current 



mm 



V 

A 

EA50 

Single diode 

69 X 32 

without base 
(XXI) 

indir. 

6.3 

0.15 

EE50 

Secondary-emission valve for amplification 
of very wide modulation bands. 

IIQQQII 

T9A 

(XII) 

indir. 

6.8 

0.3 

EF50 

Steep-slope pentode for amplification of 
▼ery wide modulation bands. 

mom 

■QiQHi 

indir. 

HQIIIIII 

0.3 


*) Peak value of alternating voltage. 

*) Max. direct current through grid leak. 

*) Capacitance between diode-anode and cathode. 


For base connections 
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VALVES 


k 

Anode 
current 
at max. 
mod. 

la max. 
mA 

Screen 

current 

without 

signal 

IglA 

niA 

Screen 
current 
at max. 
mod. 

Ig,max 

niA 

Neg. 

grid 

volts 

with 

fixed 

bias 

Vgi 

V 

(Com* 

mon) 

cathode 

res. 

Rk 

Ohms 

Normal 

mut. 

cond. 

S 

mA/V 

Int. 

res. 

Ri 

ohms 

Anode 
match* 
ing res. 
(between 
anodes) 

Ra 

ohms 

Max. 

out¬ 

put 

power 

Womax 

W 

1 

Alt. 

grid 

volts 

VI 

Veff 

Max. 

anode 

diss. 

Wa 

W 

Anode 

to 

grid 

cap. 

Cag, 

JM- 

Type 

— 

— 

B 

Ba 

B 

liW 

2,000 


kb 

L* 

B 

mm 

m 

E406N 

2 X 38 

— 

B 

—70 

B 

B 

— 


15 

B 

B 

n 

QESESi 

— 

— 

B 

B 

B 

— 

16,000 

B 

3.3 

52 

B 

wm 

— 

— 


— 

mm 



2.6 

6 

— 

mm 

12 

E408N 

|2 X 28 

-- 

— 

—40 


— 

— 

12,000 

7 

0.56 

0,28 

12 

WiSTl 

— 


- 

600 

— 

— 

10,000 

B 


26.5 

B 

S 

6.2 

— 

—40 

— 

1.8 

55,000 

18,600 

B 

10 


12 


E443N 

|2 X 28 

2 X 4.3 

2 X 10 

— 

B 

S 

— 

17,500 

14 

B 

35 

12 

■91 

— 

— 

—33 •) 

Ei 

B 

pffBl 


1.25 


— 

10 

- 

£451 

Si 

— 


0>) 

— 

— 

— 


16 

8.4 *) 

— 

B 


— 

— 

0*) 

— 

— 

— 


22.4 

5.4») 

— 

B 


— 


—90 

— 

23 

3,000 

11,000 

9 

5 

60 

82 

- 

E707 

Q9S3 

— 

— 

M 

— 

— 

— 


30 

1.1 

60 

82 


— 

— 

B 

1100 


— 


25 

1.1 

63 

32 


— 

B 

—30 

— 

4 0 

2,500 


5.9 

5 

24.5 

25 


F410 

QSEI 


B 

—43 

-- 

— 

— 


WPIW 


28 

25 

I 2 X 48 



— 

400 

— 

— 

IfWiI 

14 4 

MItM 

JB 

25 


•) Measured with E 451 as driver (Va « 250 V, Vg ^ —33 V) and a driver transformer of ^.5 : (1 + 1). 

') Screen \oitage in baianced output stages can t>e stabilized as much as i>ossible v^ith a series of stabilizer tubes. 
Type 4087 is excellent tor tills purpose 


TELEVISION RECEIVERS 


♦ 

Anode 

volts 

Screen- 

grid 

volts 

Volts 
on sec. 
enilss. 
cath. 

Olrid 

bias 

Volts 

grid 

3 

Anode 

current 

Scri'en 

current 

Current 
on sec. 
emiss. 
cath. 

Mut. 

cond. 

Int. 

res. 

Anode 
to grid 
cap. 
(cold) 

Grid 

cap. 

(cold) 

Anode 

cap. 

(cold) 

Type 

Va 

V 

Vg, 

V 

Vk. 

V 

Vgi 

V 

Vg, 

V 

la 

mA 

Ig. 

niA 

Ik. 

niA 


Rl 

ohms 

C«*I 

UUF 

Cg, 

MftV 

c« 

ttMl. 


200») 

B 

- 

B 


0,8 •) 

B 

B 

- 

B 

B 


B 

EA50 

250 

250 

150 

B 

B 

10 

0,6 

■~-8 

14 

0.25 X 
10* 

<0.008 


im 

EE50 

250 

250 


B 

0 

—54 

10 

B 

- 

6.5 

0.45 

1.0x10* 

<0.003 

jB 

B 

EF50 


*) Self'bias only must be employed. To compensate variations In anode current the cathode resistor should be 
larger than strictly necessary for the bias The grid is then connected to a suitable positive potential to produce 
the correct bias. 


see pages 310-313. 
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PHILIPS HIGH-VACUUM GATHODE-RAY 



*) Adjust definition. Of deflector plates at screen end. At tiic cathode end. 

•) Of deflector plates at cathode end. *) With respect to ail other electrodes. •) At the screen end. 

’) This tube can also be supplied with blue (DB 7—1) or with persistent screen (DN 7-1). 

•) This tube can also be supplied with blue (DB 7—2) or A»ith preshtent screen (DN 7—2). 

•) This tube can also be supplied with blue (DB 9—3) or uith presistent screen (DN 9—.3). 

*“) This tube can also be supplied with blue (DB 16-1) or uith presistent screen (DN 16—1). 


PHILIPS HIGH-VACUUM CATHODE-RAY 



*) In relation to all other electrodes. 

•) The number of ampere-turns required for the magnetic concentration amounts to about 550- 750 when a coll 
without iron casing is used. 

For base connections see 
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TUBES FOR OSCILLOGRAPHS 



“) This tube can also be supplied Mlth blue (DB 10—2) or with persistent screen (DN 10—2). 

'*) An asyniinotrical pair of plates D|D|' permits of asymmetrical control \»hen using a simple time-base 
generator or ampllfler. The plate Dt may then be connected to the asymmetrical time base or to the output 
voltage of the amplifier. 


TUBES FOR TELEVISION RECEIVERS 



*) The number of ampere-turns required for the magnetic concentration amounts to about 750 when a coil with 
Iron casing is used. Va,« 20 kV; air gap 9 mm at a distance of 85 mm from the transition of the neck to 
the conical part of the tube. 

*) Expressed In cm deflection per cm coil width per gauss of mean field strength. 

pages 310-313. 
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RECTIFYING VALVES FOR RECEIVERS, POWER AMPLIFIERS AND 
CATHODE-RAY OSCILLOGRAPHS 


Min. tot. 

r«eist. 
In knode 
cifoott 
per 

anode •) 



*) Without pine. ■) Bt « B« + n*Bp(B 0 » reeistance of half transf. sec.; Bp prim, resistance; n — transf. 
ratio: (half sec. divided by prim.). If no transformer is available, a corresponding resistance must be connected 
in series with each anode. *) Bectlfylng valve for battery chargers. 

For base connections s* 
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PHOTO-ELECTRIC CELLS 



Description 

Max. dim. 
without 
pins 

mm 

Base 
(Connec¬ 
tions in 
paren¬ 
thesis) 

/ 

Anode 

cath. 

capac. 

Cak 

K/iF 

Nor¬ 

mal 

anode 

volts 

Va 

V 

Sensi¬ 

tivity 

N 

UAIlm^) 

Max. 

anode 

volts 

Va 

V 

1 

Max. 

anode 

current 

la 
_ M 

Min. 

load 

resist. 

megohm 

3512 

High-vacuum with 
caesium cathode 

120 X 68 

A 

(XXVI) 

8 

100 

20 

500 

5 

- 

3530 

Uas-filled, with 
caesium cathode 

50 X 18 


3 

100 

150 

100 

7.5 

1 

3533 

Vlas-filled, with 
caesium cathode 

62 X 28 

XXVIII 

g 

100 

150 

100 

7.5 

1 

3534 

Gas-filled, with 
caesium cathode 

87.5 X 30 


5 

00 

150 

90 

7.5 

1 

3541 

Gas-filled, with 
caesium cathode 

62 X 28 

XXVIII 

g 

100 

150 

100 

7.5 

n 


*) Measured with tungsten filament lamp. The temperature of the tungsten filament is 2600° K and the luminous 
fiux, measured statically, is O.l lumen for type 3512, for the others U.025 lumen. 


>a|jles 310-313< 
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BASE CONNECTIONS OF PHILIPS «MINIWATT*» RECEIVING, 





i 2 3 4 5 6 7 B 


9 i a 9 a ttl 42 a 



hOOOOOOO 
te i; 16 IS 2D 21 22 23 



PFPPPPPP 
4t 4? 4B 49 5C 51 52 53 


*) Connection for metallizing on the EL 12 only. 

In the column “Base” for the valve concerned the capital letter indicates the type 
of base and the following numeral the diameter of the base in mm. The figure 
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OUTPUT AND RECTIFYING VALVES 






k f f k f f k r f 








4 / 42 43 




P 

54 



p 

55 




P P P P 

56 57 58 59 


P 

60 


shown in parenthesis is the number of the sketch above, giving the oonneotions 
of the base. In each case the theoretical vaive diagram is also given and in the different 
figures the base is represented as viewed against the pins or contacts. Top-cap oonneop 
tions are shown in diagram. 
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TELEVISION AND RADIO RECEIVING VALVES, STABILIZERS, 
AND SPECIAL AMPLIFYING VALVES 



IX I n M m m w xs 

$^$$6660 

n k k k § • 9 s 



XDT IZZZr IZZF XXX XQ7 XQST USM XXJZ 
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The relation between power, voltage and current as functions 

of the unit dB 


W'/ Vflf 



The bel is the logarithm of the ratio between two powers and is thus 
twice the logarithm of the ratio between the relative amplitudes of voltages, 
currents, pressures and velocities, to the base 10. 

A decibel (dB) is the tenth part of a bel, so that: 

W V T 

dB = 10 logio = 20 logi* 20 logw j|. 
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Circuits of A. C. Receivers 



I. 9-Valve superheterod 3 me receiver with balanced output stage 

Valves used: EF 8, ECH 3, EF 9, EAB 1, EEP 1, 2 x EL 6, AZ 4, EM 4. 

This is a design for a high-class receiver of unusually high sensitivity, having an output 
stage that will give ample power. On long and medium waves the sensitivity is 0.7 /wV; 
the receiver has 4 wave-ranges, two of which are for short-w'ave reception, as follows: 

Long weaves 830—^2080 m 
Medium waves 200— 560 m 
Short waves I 36— 90 m 
Short waves II 15— 37.5 m. 

The R.F. input stage includes a “silentode” valve EF 8 and the noise level is 
accordingly extremely low. Delayed automatic gain control usin^ the triple-diode 
principle is provided, and the stage of A.F. amplification employs the secondary- 
emission valve EEP 1 for driving the balanced output stage, consisting of two 18 W 
pentodes EL 6. 

The bandwidth can be adjusted to either of two settings by varying the coupling 
between the circuits of the first I.F. tranformer, and as a tuning indicator the dual- 
sensitivity electronic indicator EM 4 is used. The R.F. circuits are based on the use 
of a variable capacitor of 20—500 fifjiF, the “zero”capacitance of the medium-wave 
range having been assessed as 50 fijuF and that of the long-wave range at 70 fijnF 
(wiring, trimmers, etc.). On medium waves the capacitive variation is accordingly 
70 to 550 fifiF and in the long-wave range 90 to 570 fXfiF; using R.F. coils of inductance 
160 /aH, the former range therefore covers 200 to 560 m, whilst on long waves R.F, coils 
of inductance 2,150 /iH give a range of 830 to 2,080 metres. 

It is not possible to state accurately the self-inductance of the short-wave coils, since 
the inductance of the wiring affects the ultimate value; the total inductance of both 
the coil and the wiring is therefore adjusted to the requin^d value in the receiver, 
and this is done with a small copper plate adjusted at a certain distance from the 
coil by means of a screw, the latter being locked with solder when the adjustment 
has been completed. Inductance values of 4 and 0.7 fiH provide ranges of 36 to 90 
and 15 to 37.5 m respectively. The coupling between the aerial and R.F. circuits 
is inductive, and for this reason the inductances for the medium- and long-wave 
ranges are trimmed to the correct values with the aerial coil short-circuited. The increase 
in the inductance when the short-circuit is removed is then a measure of whether the 
coupling between aerial and tuning coil is sufficient to provide the necessary voltage 
gain. The coils are so proportioned as to give a voltage gain factor of the same value 
on all wave-ranges; when the short-circuit is removed from the aerial coil the inductance 
of the medium-wave tuning coil increases by 3 % and that of the long-wave coil by 7 
Selection of the required wave-range is effected by switching the coils; this is preferable 
to the method, often followed, of short-circuiting certain sections of the coils, although 
the latter procedure does certainly entail fewer contacts on the switch. Shorted sections 
of coils tend to introduce various kinds of interference (erratic tuning, undesirable 
coupling, etc.). Coupling between the 2nd R.F. circuit and the anode circuit of the 
R.F. valve is inductive and, as this coupling must be as tight as possible, coils S 9 
and Sll, SIO and S12 are wound together on the same formers; the method of 
ensuring sufficiently tight coupling in the case of the short-wave coils S13/S14 and 
SI 5/S 16 may be seen from the diagrams of the coils. 

Due to the high signal-to-noise ratio of the “silentode’' EF 8, the noise level is excep- 
tionaUy low, this being an important factor in short-wave reception; in the medium 
and long-wave ranges the amplification of this valve is attenuated by employing 
capacitive tappings in the 1st and 2nd R.F. circuits so as to limit the grid input voltage 
to the frequency-changer; in this way overloading is avoided and whistling tones are 
suppressed. The capacitive tapping in the first R.F. circuit also limits the signal input 
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to the EF 8, thus improving 
the cro8s>modulation char¬ 
acteristics and, due to the 
very low noise level of this 
valve, the signal-to-noise 
ratio is thereby not ad¬ 
versely affected. 

The lower voltage gain and 
R.F. ampliiication in this 
circuit are obtained by 
coupling the EF 8 and 
ECH 3 to their input cir¬ 
cuits through the low capa¬ 
citances C6 and Cl 6, but 
in the short-wave range the 
R.F, amplification is used 
to the full, a capacitor of 
100 fifiY being then con¬ 
nected in parallel with 06, 
whilst Cl 6 is short-cir¬ 
cuited. 

Extra smoothing is provided 
in the form of a choke with 
an electrolytic capacitor, 
for the R.F. valve, fre¬ 
quency-changer, I.F. valve 
and A.F. pre-amplifier, to 
suppress modulation hum 
and direct ripple. Since the 
frequency-changer in this 
circuit is not provided with 
automatic gain control and 
there is therefore no risk of 
frequency drift, the oscilla¬ 
tor circuit is coupled to 
the grid of the triodo unit 
of the EC^H 3. As is also 
the case with the R.F. 
circuits, the wave-range of 
the oscillator circuit is 
changed by switching be¬ 
tween the coils, the advan¬ 
tage of this being that the 
coils are then quite inde¬ 
pendent of each other; the 
effects sometimes occurring 
with series-connected coils, 
such as jumping of the 
frequency in stages, are also 
avoided. In the first range 
a resistor of 16,000 ohms 
is connected across the 
oscillator circuit to ensure 



t 


Circuit details given without any guarantee with respect to patent rights. 














the greatest possible stability of the oscillator voltage; the padding capacitor for 
the long- and medium-wave ranges consists of a fixed capacitance with a trimmer in 
parallel, for accurate adjustment. 

The frequency-changer is the ECH 3; the oscillator voltage on the 3rd grid of the 
hexode part of this valve and on the control grid of the triode unit should be about 
8 Yetii with 200 juA passing through the leak E 6 of the last mentioned valve. 

To suppress any tendency towards parasitic oscillation, a 33 ohm resistor is included 
in the lead to the hexode unit; the anode voltage of the triode part, as well as that 
of grids 2 and 4 of the hexode are derived directly from the supply line through series 
resistors, as the mixer is not controlled by the A.G.C. As already stated, the feed 
to the mixer valve is smoothed twice, but even without this the modulation hum 
becomes only slightly troublesome when very powerful transmissions are being received. 

ohms. 

The I.F is 470 kc/s and the quality of the I.F. transformers, r/L, is equal to 15,000 

To align the circuits the self-inductance is varied by rotating the iron cores. The 
capacitance of the capacitors is fixed, at 200 fifiF; adding to this 20 ftfjiF for coil 
and wiring capacitances and taking into account losses in the primary circuit due to 
the internal resistance of the frequency-changer, the average circuit impedance of 
the first I.F. transformer will be 2,760,000 ohms; with a conversion conductance of 
0.65 mA/V this will produce a conversion gain factor of 90. The coupling between the 
circuits of the first I.F. tranformer is variable from “critical’^ to “super-critical”, 
a small coil being connected in series with the primary side; the coupling between 
this coil and the secondary side is such that when the coil is switched into the circuit 
an increased coupling, and therefore a wider bandwidth, is obtained. The detuning 
effect produced by the introduction of this coil does not greatly alter the resonance 
curve as a whole, displacement of the peak being only about 1 kc/s. 

For one-tenth of the response at resonance the amount of detuning in the “wide” 
bandwidth setting is 6.6 kc/s and in the “narrow” 3.8 kc/s. The circuits of the 2nd 
I.F. transformer are damped by two diodes, together with the internal resistance of 
the I.F. valve; the diode valve EAB 1 serves as detector and also provides the A.G.C., 
with diode as detector. Diode is connected to the primary side of the last I.F. 
transformer. No delay voltage is applied to the latter diode and the distortion that 
would otherwise occur is thus avoided. 

The delay voltage for the A.G.C. is furnished by diode d*; as long as this diode is 
positive (due to its connection to current flows through it and there is no control 
on the R.F. and I.F. valves, but immediately d^ becomes sufficiently negative to 
check the flow of current the A.G.C. comes into operation. Diodes d^ and d, are 
connected to tappings on the I.F. coil in order to keep the damping effects of these 
diodes upon the I.F. circuits as low as possible. 

A resistor, iifia, is placed in series with the volume control for the purpose of 
reducing the difference between the A.C. and D.C. loading of the diode circuit, for, 
if this is not used, the difference is too great, because the tone control Ri^ is in parallel 
with i?i 4 so far as A.C. is concerned (with the volume control turned to maximum). 
As is known, this would cause demodulation of the I.F. signal and also place a limit 
on the modulation depth that can be handled by the diode without distortion. This 
effect is almost entirely eliminated by the resistor Ris; signals of maximum modu¬ 
lation depth 75 % can be received and, although the sensitivity of the receiver is 
reduced to the extent of 22 % by this resistor, this can hardly be regarded as a 
disadvantage, as the sensitivity is in any case ample. 

The A.F. voltage is derived from the potentiometer i?i 4 and passes by way of capa¬ 
citor to the tone-control potential divider Jlig. The latter includes a capacitor 
C„. the signal being taken from potential divider across a resistor of 2.2 megohms 

(E 41 ) to the grid of the EEP 1 ; the purpose of J? 2 i is to render the feed-back, which 
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is applied to the grid across another resistor of 2.2 megohms (jRsi)* independent 
of the setting of 1^15 and 

The secondary-emission ralve EEP 1 functions as a combined pre-amplifier and phase- 
inverter, the A.F. voltages being supplied in anti-phase from the anode and auxiliary 
cathode. Although the conductances of the anode and the cathode in question are 
practically equal, the resistor has a higher value than Brj since the impedance in 
the auxiliary cathode circuit consists not only of B^ but also of the parallel-connected 
resistors B^ and B„ (so far as A.C. is concerned). The screen grid and auxiliary 
cathode are fed by means of potential dividers, in order to minimize D.C. voltage varia¬ 
tions as much as possible. Grid bias is derived from the difference between the cathode 
voltage and a positive feed-back potential, the latter being necessary because the voltage 
drop across B^ is greater than the required bias; the variations in current between 

anode and cathode thereby compen- 

_sate each other. The positive potential 

in question is taken from a tapping on 
the potential divider used for the 
screen feed; the feeds to the various 
electrodes of this valve have to be very 
effectively smoothed, to reduce hum 
that would otherwise occur as a result 
of the high amplification factor of the 
EEP 1, and these potentials can advan¬ 
tageously be taken from the twice- 
smoothed voltage source. A resistor 
of 10,000 ohms is included in the 
screen feed to prevent the possibility 
of parasitic oscillation affecting the 
response. 

In the output stage two EL 6 valves 
are used in a balanced circuit with 
stopper resistors in both control- 
and screen-grid leads, again to check parasitic oscillation, and these valves deliver 
14 W with 3.5 % distortion at maximum excitation. The matching impedance between 
the anodes is 5,000 ohms. Fig. 1 shows the total distortion with and without negative 
feed-back, as a function of the output power. 

Through the potential-divider circuit, consisting of the resistors R 37, 38, 39 and 40, 
part of the voice-coil vol¬ 
tage is applied through 
the resistor Bf^ to the 
grid of the EEP 1 ; 
capacitors are connec¬ 
ted in parallel with B^ 
and E 40 , their values 
being such that the feed¬ 
back is attenuated on 
the high and low fre¬ 
quencies, thus giving a 
very uniform response 
at all frequencies. 

The frequency response 

of the A.F. section of the Curve A. Frequency response with tone control rotated in clock- 

receiver is shown in direction. 

1 . X Curve B. Frequency response ^Ith tone control rotated in antl- 

Fig. 2 and relates to clockwise direction. 


Fig. 1 

Curve A. Total distortion as a function of the output 
power Wo of the whole A.F. section of the 
receiver, without negative feed-back. 

Curve B. The same, but with negative feed-back. 
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both maximum and minimum setting of the tone control; the amount of negative 
feed-back equals a factor of 7. 

Tuning indication is given by means of the electronic indicator EM 4, to the grid of 
which is applied the negative voltage produced across the grid leak of the detector 
diode; the A.F. voltages across this resistor are filtered out by 637 . Each of the 

anodes of the two triodes contained in the EM 4 is connected to a separate deflector 
rod within the valve. 

As the gain factors of the two triodes of the EM 4 are not the same, a clear indication 
is obtained on weak as well as on strong signals. 

The rectifying valve is the AZ 4 and the smoothing circuit consists of a double electrolytic 
capacitor of 50 -f 15 with an 8 -henry choke; the voltage for the earlier valves is 
smoothed again by means of another 8 -henry choke and 32 fiF electrolytic capacitor 
and the extra cost of this additional filter is justified when set against the saving 
effected by the valves. The voltage across the capacitor Cg should be 265 V and a 
transformer is used of which the no-load secondary voltage is about 2 x 300 V; the 
total current consumed is approximately 140 mA. 
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Technical data 


1, Sensitivity (for 50 mW output) on the medium- and long-wave ranges. 


at the diode 
at the I.F. valve 
at the freq. changer 
at the R.F. valve 
at the aerial 


0.3 V(elT) ^ 
2.1 mV(efT)^ ^ 
24 ^V(efr) ^ S 
1.6 AlV(eff) ^ ^ 
0.7 juV(eff) ^ 


I.F. stage gain: 145 
Conversion gain factor: 90 
R.F. stage gain: 15 
Voltage gain factor: 2.5 


2. Selectivity 

“Narrow” bandwidth 

Attenuation on detuning + 3.8 and — 3.8 kc/s: 1 : 10 

+ 7 and — 7 „ 1 : 100 

„ „ „ -h 12 and — 12 „ 1 : 1,000 

“Wide” bandwidth 

Attenuation on detuning -f 6.5 and — 6.5 kc/s: 1 : 10 

„ „ „ 4 10 and — 10 1 : 100 

„ .. „ + 15 and — 15 „ 1 : 1,000 


3, Automatic gain control curve: 

1 X normal input voltage corresponds to 1 X normal output voltage 


5 X 

>» » 

,, 

„ „ 5 X 

»> 



10 X 

>» * 


„ 10 X 

,, 


>> 

100 X 

l> > 


.. 26 X 

,, 


9> 

1,000 X 

u > 


„ „ 35 X 

,, 



10,000 X 

t. 

i* 

„ „ 50 X 





TABLE OF COILS 


Coil 

Num¬ 
ber of 
turns 

Self-inductance 

Type of 
winding 

Dia. 

of 

for¬ 

mer 

Dia. of 
wire 

mm 

Type 

of 

wire 

Dia. of 
can 

SI 


— 

wave 

■Bi 

0,1 

Enamel 

36 

S2 


— 


19 

0.1 


36 

S3 


2,150 /iH 


19 

0.1 


36 

84 

2X60 

160 


19 

15x0.05 

Litz 

36 

S5 

40 

— 

layer 

19 

0.1 

Enamel 

30 

S6 

20 

(85 shorted) 4 jM 

,, 

19 

0.5 

,, 

30 

S7 

13 

— 


19 

0.1 


30 

88 

5i 

(87 shorted) 0.9 //H 

,, 

■9 

0.5 

fp 

30 

89 

2x208 

— 

wave 

17 

0.1 

d.s.c. 

36 

810 

2x60 

— 


17 

0.1 

,, 

36 

811 

2x208 

2,150 /iH 


17 

0.1 


36 

812 

2x60 

160/iH 


17 

15x0.05 

Litz 

36 

813 

20 

— 

layer 

14 

0.1 

d.s.c. 

30 

814 

20 

4/iH 


14 

0.5 

Enamel 

30 

815 


— 


14 

0.1 

d.s.c. 

30 

816 

Si 

0.9 /iH 


14 

0.5 

Enamel 

30 

817 

40 

— 

wave 

17 

0.1 


36 

818 

35 

— i 

tt 

17 

0.1 

PP 

36 

819 

118 

320//H 


17 

0.1 

tp 

36 

820 

59 

75 fAK 

»» 

17 

0.1 

pp 

36 

821 

17 

— 

layer j 

14 

0.1 

pp 

30 

822 

19.5 

— 


14 

0.5 

Pf 

30 

823 

4 

— 

j 

14 

0.1 

d.s.c. 

30 

824 

5 

— 


14 

0.5 

Enamel 

30 
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II. 8-Valve superheterodyne receiver for 18 W output 

Valves vsed: “Miniwatt” EF 8 , ECH 3, EF 9, EAB 1 , EF 9, EL 6 , AZ 4, EM 1. 

This is a very sensitive, high-quality receiver with 4 wave-ranges (two for short-wave 
reception), and a low noise-level input stage; it differs from the receiver described 
imder section 1 in that the output stage is arranged on simpler lines, whilst A.F. 
amplification and tuning indication are obtained in a different manner. Sensitivity 
on the long and medium wave-ranges is 1 /iV, the different ranges being as follows: 

Long waves 829—^2,000 m 
Medium waves 200— 569 m 
Short waves I 36— 90 m 

Short waves II 15— 37.6 m. 


Delayed A.G.C. is provided by the triple diode EAB 1 and the control is applied to 
the R.F. and I.F. valves only, that is to say, the frequency-changer ECH 3 is not 
included. The A.F. section works with strong negative feed-back for the reduction 
of distortion and to improve the frequency response of the A.F. amplifier. 

As this receiver differs from the 9-valve circuit only in the design of the A.F. section, 
reference may be made to the description of that receiver for the R.F., mixer, I.F. 
and detector stages. 

The A.F. amplifying valve is the EF 9, the A.F. signal being taken from the volume 
control through capacitor Caa to the grid of this valve. As output valve, the 
steep-slope 18 W pentode EL 6 is used, with small stopper resistors in the control- 
and screen-grid leads to suppress parasitic oscillation; the cathode resistor of this 
valve is decoupled with a 50 //F diy electrolytic capacitor. Negative feed-back is 
applied to the A.F. amplifier; the speech voltage occurs across the potential divider 
R 33, 34, 35 and 36, and the attenuated voltage is fed back to the control grid. Capa¬ 
citors are connected in parallel with and of a suitable value to reduce the 
amount of feed-back on high and low frequencies and thus ensure uniform response 
throughout the whole A.F. range (see Fig. 1 , curve a; full line). For comparative pur¬ 
poses the frequency curve showing the performance without feed-back is also given. 
The capacitor C 40 may be switched out of the circuit in order to reduce amplification 



Fig. 1 

Curve a. Frequency responae with capacitor C 64 in circuit. 
Curve b. Frequency response without feed-back. 

Curve c. Frequency response with capacitor C 54 out of circuit. 


of the high frequencies, 
and the switch therefore 
frictions as a tone con¬ 
trol (curve c). 

The resistors i ?28 
together form a poten¬ 
tial divider for both the 
A.F. voltage on the 
diode-load resistor and 
the feed-back voltage, 
and if these resistors 
are of equal value the 
amplification and the 
feed-back will be re¬ 
duced by one half. 
Visual tuning is provid¬ 
ed by the electronic 
indicator EM 1, for 
which purpose part of 
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the negative voltage from 
the detector'diode anode is 
taken across a potential 
divider to the grid. 

The voltage from a gramo¬ 
phone pick-up is applied to 
the volume control Rn and 
a resistor, Ri^y of 56,000 
ohms is placed in series with 
the latter so that the detec¬ 
tor diode of the EAB 1 will 
not be in parallel with the 
pick-up. 

The rectifying valve is the 
AZ 4 and the smoothing 
comprises two electrolytic 
capacitors of 32 fiF (320 V) 
and a choke of 8 H. The 
voltage across capacitor 
should be 270 V, when the 
total current consumed will 
be approximately 112 mA. 



& 


Circuit given without any guarantees in respect of patent rights. 
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Fig. 2 

CoiIh omploypd in the 8-valve receiver 
Tor the I F colls see Fig 1 on page 324 
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TECHNICAL DATA 

i. Sensitivity (for 60 mW output) on the medium- and long-wave ranges. 
0.36 V(eflf) ^ 

3.6 mV(eff) S I 
36 )MA(eff) ^ S 
2 /MV(eflr) 

1 /MV(efr) 


2 . 


at the diode 
at the I.F. valve 
at the freq. changer 
at the R.F. valve 
at the aerial 
Selectivity 

Attenuation on detuning 




I.F. stage gain 100 
Oonversioh gain factor 100 
B.F. stage gain 16 
Voltage gain factor 2.5 


3. Automatic 


1 

5 

10 

100 

1,000 

10,000 


-f 4.6 and — 4.6 kc/s: 1 
„ „ +8 and — 8 ,,1 

„ „ -h 13 and — 13 „ 1 

gain control curve 

normal input voltage corresponds to 


1 

6 

10 

25 

35 

50 


10 

100 

1,000 

normal output voltage 


TABLE OF COILS 






Dia. 

Dia. of 




Num- 

Self-inductance 

Type of 
winding 

of 

Type 

Dia. of 

Coil 

her of 

for- 

wire 

of 

can 


turns 



mm 

wire 


SI 


_ 

wave 

17 

0.1 

Enamel 

37 

S2 


— 


17 

0.1 

99 

37 

S3 

2X58 

SI, 2 and 4 
shorted — 160 


17 

15x0.06 

Litz 

37 

S4 

306 

S3 + S4 = 2,160 








(SI + S2 shorted 








in series) 


17 

0.1 

Enamel 

37 

S6 

40 

— 

layer 

14 

0.1 


30 

S6 

20 

(S6 shorted) 4 //H 

,, 

14 

0.6 


30 

S7 

13 

— 

,, 

14 

0.1 

,, 

30 

S8 

5.6 

(S7 shorted) 0.9 ^H) 


14 

0.6 

,, 

30 

S9 

2X66 

— 

wave 

17 

0.1 

d.s.c. 

37 

SIO 

2x205 

— 


17 

0.1 

,, 

37 

Sll 

2x56 

(S12 shorted) 160 

99 

17 

0.1 

,, 

37 

S12 

2x206 

(S11+S12)- 2,160 

99 

17 

0.1 

11 

37 

S13 

20 

— 

layer 

14 

0.1 

99 

30 

S14 


(S13 shorted) 4 /uH j 


14 

0.5 

Enamel 

30 

S15 

6.6 

— 


14 

0.1 

d.s.c. 

30 

S16 

5.6 

0.9 /iH 


14 

0.6 

Enamel 

30 

S17 

35 

— 

wave 

17 

0.1 


37 

S18 

40 

— 


17 

0.1 


37 

S19 

56 

(S20 shorted) 76 /wH 

>* 

17 

0.1 


37 

S20 

102 

S19 + S20 -- 320 /<H 


17 

0.1 


37 

S21 

17 

— 

layer 

14 

0.1 


30 

S22 

19.6 

— 


14 

0.6 


30 

S23 

4 

— 

99 

14 

0.1 


30 

S24 

5 

— 

99 

14 

0.6 

»» 

30 

S25\ 








S26( 

S27( 

IBB 

_ 

wave 

i Wlthi 
* 7 mmf 
k iron < 

5X0.07 

Litz 


828) 




f core \ 



























III. 8-Valve superheterodyne receiver for 9 W output 
Valves used: “Miniwatt” EF 8 , EK 3, EF 9, EAB 1 , EF 6 , EL 3, AZ 1, EM 1 . 
The following is a description of a highly sensitive 4-range receiver having an input 
stsige with a very low noise level and a sensitivity of 1 juV on the medium- and long- 
waVe ranges. There are two short-wave bands, and the different ranges are as follows: 

Long waves 829— 2,120 m 

Medium waves 200— 559 m 

Short waves I 36— 90 m 

Short waves II 15— 37.5 m 

The receiver incorporates automatic gain control, with the EAB 1 in a triple-diode 
circuit, and use is also made of strong negative feed-back to minimize distortion and 
ensure uniform frequency response over the whole of the A.F. range; by means of 
a switch, a tone control can be included in the feed-back circuit if requin^d. Visual 
tuning is included, this being provided by the EM 1 , which is connected to the 
detector diode. 

The silentode EF 8 is employed for the R.F. stage to ensure a low noise level. In the 
short-wave ranges the full amplification of this valve is utilized, but on medium 
and long waves the gain is reduced by capacitors f 49 and ^ 53 , so as not to overload 
the grid of the EK 3. 

Only one tuned circuit precedes the R.F. stage in all the four wave-ranges; the R.F. 
medium- and long-wave coils are wound on a common former, whereas the coils for 
the two short-vave ranges are quite separate. The self-inductance is 160 //H on the 
medium and 2,150 juK on the long-wave range; for the short-wave ranges the mini¬ 
mum capacitance is brought up to about 70 /^juF by means of fixed capacitors which, 
although somewhat reducing the range, greatly improve the accuracy of tuning, 
especially at the lower end of the range. The inductances for the two short-wave 
bands are respectively 4 and 0.9 but as wiring inductances also have to be con¬ 
sidered the coils are corrected to the required values in the receiver; this may be done 
by means of a small copper plate with screw, which is moved in and out of the field 
of the coil, being locked in its final position with solder. 

The R.F. circuits are coupled inductively to the aerial; for the correction of the in¬ 
ductance of the medium-wave coils, the two coils SI and S2 should be short-circuited, 
whilst the inductance of the long-wave coils is trimmed with these two coils shorted 
in series. Since the short-wave coils are corrected in the receiver itself, the effect of 
the aerial coils is naturally included in the inductance of the tuning coil. 

A single tuned circuit is included between the R.F. and mixer valves for all the 
wave-bands. 

The 2nd R.F. circuit is inductively coupled to the R.F. valve and, as this coupling 
has to be as tight as possible, coils S9 and Sll, SIO and S12 are wound together: 
the method of winding the short-wave coils SI 3/S 14 and S 15/S 16 that will ensure 
sufficiently tight coupling is shown in the diagrams of the coils. 

The frequency-changer is the EK 3 and, as both the R.F. and I.F. valves are included 
in the automatic gain control system, the EK 3 is not controUed. The oscillator circuit 
is coupled to the first grid of the EK 3, since there is no risk of frequency drift, and 
the medium- and long-wave oscillator coils, moreover, are wound on the same formers. 
Padding capacitors are placed in series with the coils and they are also included in 
the switching; further, to increase uniformity of the oscillator voltage, resistors 
are connected in parallel with the oscillator circuits on the medium- and long-wave 
as well as the first short-wave ranges. The trimmers for the medium and long waves 
are augmented by fixed capacitors, but no trimmers are used in the short-wave 
oscillator circuits, because the existing capacitance can be sufficiently accurately 
corrected by means of the fixed capacitors. 
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Circuit details given without any garantee with respect to patent rights. 












































A resistor Rn is placed in series with the long-wave trimmer to prevent any 
possible oscillation at undesired frequencies. The I.F. valve is the EF 9, the screen 
of which is fed across a resistor. The intermediate frequency is 470 kc/s and the 
inductance of the I.F. coils, which are fitted with iron cores, is about 1 mH; the I.F. 
circuits are trimmed by varying the self-inductance, this being effected by rotating 
the iron cores. 

Diode ds of the 3-diode valve EAB 1 is employed as detector, 
with diode di for the A.G.C., this being connected to the 
primary circuit of the last I.F. transformer. The delay voltage 
of the A.G.C. is supplied by diode dz and so long as the 
latter is positive (across it will carry a current and 
the R.F. and I.F. valves will be uncontrolled. Diodes dg and 
d, are connected to tappings on the I.F. coils in order that 
losses produced by these diodes may be kept as low as 
possible. 

The A.F. voltage across the volume control i?ie is applied 
through a capacitor to the grid of the A.F. valve EF 6 and a resistor i? 2 o Is 
employed to render the A.F. characteristic sufficiently straight. A potential divider 
R 23, 24, 30 and 31 is placed across the output, the values of these resistors being 
so chosen that they will combine to provide the correct grid bias for the EF 6 ; a 
part of the speech vol¬ 
tage is simultaneously 
fed back to the cathode 
of the EF 6 , and the 
resistors s-re 

by-passed by capacitors 
of a suitable value to 
reduce the amount of 
feed-back at the high 
and low frequencies, thus 
ensuring uniform repro¬ 
duction over the whole 
of the A.F. range. Capa¬ 
citor G 40 is provided 
with a switch for pur¬ 
poses of tone control, 
the amplification of high 
frequencies being con¬ 
siderably reduced when 
this switch is opened. 

In regard to this receiver 
circuit it may be said, 
further, that a resistor of 200 ohms, without decoupling capacitor, is included 
in the cathode circuit of the EF 6 ; imder certain circumstances this arrangement might 
give rise to hum, but if this should be considered a drawback the connections of the 
ECH 3 in circuit IV may be used in preference, though then the sensitivity is slightly 
lower. A resistor is connected in series with the volume control; otherwise the diode 
dg would be in parallel with the pick-up sockets. 

The rectifying valve used is the AZ 1 , and smoothing is by means of an 8 H choke; 
the total amount of direct current delivered is 73 mA. 



OH 

I 

0 



Fig. 1 
I.F. coll. 
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TECHNICAL DATA 

]. Sensitivity (for 60 mW output) on the medium- and long-wave ranges: 
at the diode 0.66 Ven > t -ci i. * n ^ 

at the I.F. valve 4.8 mVe« LF. etap gam 114 

at tjie mixer valve 40^V«ff , ^nvemfon gam f^r 90 

at Ite R.F. valve 2.6Ve« ^ ^ 

.+ *i.» 1 ,.v-- { Voltage gam factor 2.6 


2. Selectivity 

Attenuation on detuning + 3.6 and 


3.6 kc/s: 


„ „ „ + 5.6 and — 5.6 „ 

„ „ „ + 7.6 and — 7.6 „ 

3. Automatic gain control curve 

1 X normal input voltage corresponds to 

6 X 99 99 99 99 99 


100 X 
1,000 X 
10,000 y 


1 y normal output voltage 
6 X ,, ,, „ 


„ >, 60 > 

TABLE OF COILS 


Coil 

Num¬ 
ber of 
turns 

Self-inductance 

Type of 
winding 

Dia. 

of 

for¬ 

Dia. of 
wire 

mm 

Type 

of 

wire 

Dia. of 
can 




mer 


SI 

180 

_ 

wave 

17 

0.1 

Enamel 

37 

S2 

680 

— 

,, 

17 

0.1 


37 

S3 

2X68 

(SI, 82 and S4 
shorted) — 160 


17 

15X0.06 

Litz 

37 

S4 

306 

S3 + S4 2,150 fjiK 








(SI H- S2 shorted 








in series) 

»* 

17 

0.1 

Enamel 

37 

S6 

40 

— 

layer 

14 

0.1 


30 

S6 

20 

(S5 shorted) 4 juH 

„ 

14 

0.1 


30 

S7 

13 

— 


14 

0.1 

*» 

30 

S8 

5.6 

(S7 shorted) 0.9 /mH 


14 

0.5 

,, 

30 

S9 

2 x66 

— 

wave 

17 

0.1 

d.s.c. 

37 

SIO 

2x205 

— 

,, 

17 

0.1 

>> 

37 

Sll 

2x56 

(S12 shorted) 160 yuH 


17 

0.1 


37 

S12 

2x205 

Sll + S12 - 2,150/xH 


17 

0.1 

,, 

37 

S13 

20 

— 

layer 

14 

0.1 


30 

S14 

20 

(S13 shorted) 4 /xH 

,, 

14 

0.5 

Enamel 

30 

S15 

6.5 

— 


14 

0.1 

d.s.c. 

30 

S16 

5.5 

(815 shorted) 0.9 /xH 


14 

0.5 

Enamel 

30 

S17 

36 

— 

wave 

17 

0.1 


37 

S18 

40 

— 


17 

0.1 


37 

S19 

66 

(S20 shorted) 75 

, 

17 

0.1 


37 

S20 

102 

S19 + S20 - 320 /xH 

,, 

17 

0.1 

,, 

37 

S21 

17 

— 

layer 

14 

0.1 


30 

S22 

19.6 

(S21 shorted) 4 /xH 

,, 

14 

0.6 

,, 

30 

S23 

4 

— 

,, 

14 

0.1 


30 

S24 

5 

(823 shorted) 0.9/xH 


14 

0.5 


30 

S25j 

S26f 

2X130 



( with i 
'7 mni^ 




S27k 


wave 

) iron i 

OXO.O/ 

LltZ 


S28) 




/ core \ 






















IV. 6-Valve superheterodjme receiver 

Valves vsed: “Miniwatt” ECH 3, EF 9, EEC 3, EL 3N, AZ 1, EM 1. 

This receiver circuit, which has a sensitivity of 16 /iV on the medium- and long¬ 
wave ranges, has three ranges, viz: 

Long waves 830—2,000 ni 

Medium waves 200— 547 m 

Short waves 15— 48 m. 

Delayed automatic gain control is provided. The double-diode EEC 3 is employed 
as detector, resistance-coupled amplifier and also to provide the delay voltage for 
the A.G.C. The steep-slope 9 W pentode EL 3N is used as output valve. The A.F. 
circuit includes negative feed-back derived from a part of the speech voltage, which 
is applied to the grid of the EEC 3, whilst the frequency-response curve is further 
improved by employing components in the feed-back circuit which are dependent 
of the frequency. The EM 1, coupled to the detector diode, provides visual tuning. 
On medium and long waves an R.F. band-pass filter with capacitive coupling is 
employed; the circuit calculations are based on the use of a variable capacitor of 
capacity 20 to 500 ///^F, the minimum-capacitance on the medium- and long-wave 
ranges, including wiring, trimmers, etc., being 50 and 70 ^fiF respectively. 

Taking into consideration the capacitance of the band-pass filter coupling capacitor, 
connected in series with the tuning capacitor, the capacitive variation for the medium- 
wave band is 70 to 527 fifiF and on long waves 90 to 521 /i/iF. With coils of 160 /iH, 
the first mentioned range covers 200 to 547 m, w'hilst coils of 2,150 /iH give 829 to 
2,000 m for the long waves. For short-wave reception only one R.F. circuit is provided, 
and the inductance of the short-wave coil is about 1.3 /<H. On medium and long waves 
the coupling between the aerial and the first R.F. circuit is both capacitive and in¬ 
ductive, so that a constant voltage gain factor of 3 is obtained throughout the whole 
range; in the short-wave band the coupling is purely inductive. For the adjustment 
of the self-inductance of the first R.F. coil the aerial coil is short-circuited and, as 
coil 82 is shorted on medium waves, trimming of the inductance for this range is 
carried out with the two coils 82 and 8 ^ shorted; the long-wave range is trimmed 
with coils 82 and 8 ^ shorted in series. The inductance of the short-wave coil is adjusted 
in the receiver by means of a small copper cylinder which is pushed into the coil and 
screwed in position when the correct value is obtained, and in this case the effect 
of the aerial coil on the inductance of the tuning coil is, of course, taken into account. 
In order to keep frequency drift at a minimum, the oscillator circuit is connected to 
the anode of the triode section of the ECH 3 and the amount of drift is, in fact, so 
small that the frequency-changer can be included in the A.G.C. system on short 
waves as well. 

The three oscillator coils are wound on a common former (Fig. 1). The padding capa¬ 
citors are arranged in series with the coils and are included in the coil switching. 
Constant oscillation throughout the wave ranges is ensured by connecting the lower 
end of the series-connected reaction coils to the upper end of the two padding capacitors 
also in series. The anode potential for the oscillator unit of the valve is applied through 
a resistor with capacitor 0 x 3 ^ block the direct voltage from the oscillator 
circuit (parallel supply). 

The medium-wave padding capacitor should be about 530 ^/iF and the long-wave 
capacitor about 170 /u^F, the latter value being obtained by connecting 250 /i/iF in 
series with the medium-wave padding capacitor; the ultimate values of these capa¬ 
citors will depend on the minimum-capacitance of the respective circuits. 
Capacitor Oi, has a value of about 50 which ensures reliable oscillation on 

long waves whilst guaranteeing the least possible amount of frequency drift on the 
short-wave range. The voltage for the 2nd and 4th grids of the ECH 3 is obtained 
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from a potential divider, 
and the values of the com¬ 
ponent resistors are so 
arranged that the screen 
voltage varies only very * 
slightly when control is r 
applied to the valve. - 

To prevent parasitic oscil¬ 
lation, low value resis- . 
tors are included in the ' 
anode and grid circuits. The 
oscillator voltage on the 
3rd grid of the hexode - 
section (and grid of the . 
triode unit) should be ap- \ 
proximately 8 V (eff), withj: 
200 /AA flowing through /?*. a" * 
The intermediate frequency | 
is 470 kc/s and the I.F. coils [' 
are fitted with iron cores, p 
the inductance of these coils ' 
being about 1 mH. In the i 
I.F. circuit the capacitors J 
are of 100 /i/iF capacity and ^ 
it is necessary to use only *y-j 
high-quality capacitors in 
order to maintain the qua- * ' 
lity of these circuits, which ' 
are trimmed to the required 
frequency by rotating the 
iron cores, thus varying thejE 
inductance. ^ 

The I.F. valve is the EF 9, ]\ 
the screen circuit of which 
is arranged on the sliding- 
voltage principle. Both di¬ 
odes of the EBC 3 are con- L 
nccted to tappings on the 
I.F. coils with a view to 
reducing losses in the cir¬ 
cuit. Delay voltage for the 
A.G.C. diode is obtained 
from the cathode voltage of 
the EBC 3, the A.G.C. vol¬ 
tage being applied via the 
potential divider to 

the valves included in the 
A.G.C. system; this does 
not provide too straight a 
control characteristic, how¬ 
ever, and if better condi¬ 
tions are essential there 
is nothing against employ- 


r * 
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Oircuit diagram given without any guarantees with respect to patent rights. 




ing the full voltage for the 
control. 

The A.F. voltage is tapped 
from the volume control 
and is taken through C^i to the 
potential divider i^iQ, which 
serves as tone control; the 
effective tone-control circuit 
actually consists of and 
and the voltage is passed 
from the potential divider 
through Bi^ to the grid of the 
EBC 3. The last-named resis¬ 
tor is included to prevent the 
feed-back voltage, occurring 
across the resistor Bi^ (also 
2 megohms) on the grid of the 
valve, from varying with the 
setting of and Bi^. 

To ensure satisfactory repro¬ 
duction of the low frequencies, 
the cathode resistor of the 
EBC 3 is decoupled by an 
electrolytic capacitor Cgg of 
26 /iF. 

The output valve is the steep- 
slope pentode EL 3 N, the 
control-grid and screen-grid 
circuits of which include small 
stopper resistors to suppress 
parasitic oscillation. A part of 
the speech voltage is tapped 
from the potential divider 
^ 89 - 30 - 31-82 and is applied to 
the grid of the EBC 3 through 
a resistor B^g, the feed-back 
factor being about 4. Capaci¬ 
tors are connected in parallel 
with BgQ and Bgg^ of suitable 
values to reduce the amount 
of feed-back on the high and 
low frequencies, thus ensuring 
uniform response over the 
whole A.F. range. 

The EM 1 provides visual tun¬ 
ing indication, part of the 
negative potential on the detec¬ 
tor diode being taken to the 
grid of this valve across the 
potential divider i?i 4 -i?i 9 ; the 
cathode of the electronic indi- 



rtsis 

Fig. 1 

Colls employed in the 6-valve receiver. 


cator is connected to that of the l.F. valve, since, if it were earthed, the grid of the 
EM 1 would become positive on weak signals (cathode voltage of the EBC 3), in 
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consequence of which no indication would appear. Since control is applied to the 
EF 9, the cathode potential of this valve falls when ^he signals are strong; the deflection 
on the screen of the indicator on strong signals is iherefore smaller in propoxtion^ and 
a good indication is thus ensured when the more powerful transmissions are being 
received. 

The rectifier is the AZ 1 and the smoothing circuit consists of two electrolytic capacitors 
of 32 fjiF (320 V) with an 8 H choke. The voltage across capacitor C 43 should be 264 V, 
so that the transformer should deliver a no-load secondary voltage of 2 X 300 V. 
The total consumption is about 60 mA. 


TECHNICAL DATA 

1 . Sensitivity (for an 
at the diode 
at the I.F. valve 
at the mixer valve 
at the aerial 

2. Selectivity 

Attenuation on detuning -f- 


output of 50 mW) on the medium- and long-wave ranges. 
0.5 V(eff) t 
5 mV(eflr) S f 


50 /iV(eff) 
16 )MV(eff) 


I.F. stage gain: 100 
Conversion gain factor: 100 
Voltage gain factor: 3 


4.5 and 
8 and 
13 and 


4.5 kc/s: 1 
8 1 
13 „ 1 


10 

100 

1,000 


3. Automatic gain control curve 

1 X normal input voltage corresponds to 1 x normal output voltage 


5 X 

,, 




,, 5 \ 




10 X 





8 X 




100 X 





18 X 




1,000 X 

,, 


,, 


30 X 




10,000 X 

,, 




.. 42 X 





TABLE OF COILS 


C^oil 

Number 
of turns 

Self-inductance 

Type of 
winding 

Dia. of 
former 

Dia. of 
wire 

mm 

Tj’pe of 
wire 


13 

— 

layer 

14 

0.1 

Enamel 


180 

— 

wave 

17 

0.1 



680 

— 


17 

0.1 


S4 

13 

— 

layer 

14 

1 

,, 

85 

2x58 

(82, S3 and S 6 shorted) 







160/«H 

wave 

17 

15x0.05 

Litz 

86 

310 

86 + 86 (82 + S3 shorted 







in series) — 2,150 /iH 

,, 

17 

0.1 

Enamel 

87 

2X57 

(88 shorted) 160 //H 

,, 

17 

15x0.05 

Litz 

88 

294 

87 -f 88 = 2,150 nU 


17 

0.1 

Enamel 

89 

7 

— 

layer 

17 

0.5 


810 

54 

89 -f 810 (811 shorted) 







= 75 yU 

wave 

17 

0.1 


811 

99 

89 4- SIO -f 811 - 320/iH 


17 

0.1 


812 

6 

— 

layer 

17 

0.1 

ft 

813 

35 

— • 

wave 

17 

0.1 


814 

40 

— 


17 

0.1 


816 , 







816 f 


_ 


7 mm 

5X0.07 

Litz 

8171 

2x130 



iron 



818 1 




core. 


































V. 6-Valve superheterodyne receiver 

Valves used: “Miniwatt” EK 3, EF 9, EBC 3, EL 3, AZ 1, EM 1. 

This type of receiver falls within the “average” price class and it has a sensitivity 
of 16 /iV. 

The three wave-ranges employed are as follows; 

Long waves 830—2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m. 

Delayed automatic gain control is provided. The double-diode EBC 3 functions as 
detector and A.F. amplifier and also furnishes the control voltage for the A.G.C. 
An EL 3, steep-slope 9 W pentode, is used in the output stage, whilst in the A.F. 
section a part of the speech voltage is fed back to the grid of the EBC 3; the com¬ 
ponents of the negative feed-back circuit are all independent of frequency, this being 
necessary to ensure a satisfactory response curve. To give visual-tuning indication 
the EM 1 is coupled to the detector diode. In the medium- and long-wave ranges 
a capacitively-coupled R.F. band-pass filter is used; the self-inductance of the 
medium-wave R.F. coils is 160 fiH. and that of the long-wave coils 2,150 On 
short waves only one R.F. circuit is provided, the inductance of the coil being about 
1.3 fxR. For the medium- and long-wave bands the first tuned circuit is coupled to 
the aerial both inductively and capacitively, giving a voltage gain factor of 3; the 
short-wave aerial coupling is purely inductive. 

For trimming the medium-wave inductances the two coils 8 ^ and 8 ^ are short- 
circuited; for the long waves these coils are shorted in series. The short-w^ave coil 
is usually trimmed in the receiver. 

Frequency drift is limited as much as possible by coupling the oscillator circuit to 
the 2nd grid of the frequency-changer valve EK 3, and this valve is also included 
in the A.G.C. system. The three oscillator coils are wound on a common former. 
The padding capacitors are connected in series with the coils and arc included in 
the coil switching; resistors are included in parallel with the short- and medium- 
wave coils to stabilize the oscillator voltage. An isolating capacitor is employed 
to avoid having a “live” variable capacitor (parallel feed). The capacitance of the 
medium-wave padding capacitor is about 670 fifi¥ and that of the long-wave capacitor 
about 195 fifiF, the latter value being obtained by connecting 275 jti/wF in series with 
the medium-wave capacitor; is an isolating capacitor which has little or no 
effect on the values of the padding capacitor. To prevent parasitic oscillation 
stopper resistors are included in the anode and 4th-grid circuits. 

The intermediate frequency is 470 kc/s and the I.F. coils, which are fitted with 
iron cores, have an inductance value of 1 mH. The I.F. circuits are trimmed by rotating 
the iron cores, thus varying the self-inductance of the coils. 

The I.F. valve EF 9 operates on the sliding-screen-voltage princip e. The two diodes 
of the EBC 3 are connected to tappings on the I.F. coil in order to reduce losses in 
the I.F. circuits as much as possible; the cathode potential of the EBC 3 is used as 
delay voltage for the A.G.C., the control voltage being applied to the relevant valves 
across a potential divider i? 22 > ^ 23 « ^'^d it should be noted that the resultant control 
curve is not too straight. 
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Circuit diagram given without any guarantees with respect to patent rights. 

























A tone control is included in the 
A.F. section, comprising and 
^95* and to ensure sufficient low- 
note response the cathode is 
decoupled by an eleotrol 3 rtio capa¬ 
citor of 25 //F. The negative 
feed-back amounts to a factor 
of 4. Capacitors are placed in 
parallel with and of 

suitable values to reduce the 
amount of feed-back at high and 
low frequencies with a view to 
improving the response curve. 

A switch S may be added, if required, to cut out the negative feed-back on short¬ 
wave reception, which will increase the sensitivity. 

The rectifier is the AZ 1; the smoothing choke should have an inductance of 8 H. 
The total amount of current consumed is approx 70 mA. 



mm mm m 


Fig. 1 

Frequency-response curve for circuit including negative 
feed-back. 


TECHNICAL DATA 

1. Sensitivity (for 60 mW output) on the medium- and long-wave ranges, 
at the diode 0.5 //V(eff) / 

at the I.F. valve 6 mV(ejQf) ^ t 

at the mixer valve 50 /iV(eff) ^ ' 

at the aerial 16 /iV(efr) ^ 


I.F. stage gain: 100 
Conversion gain factor: 100 
Voltage gain factor: 3 


2 . Selectivity 

Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 

„ „ » -f 8 and — 8 „ 1 

„ „ „ 4- 13 and — 13 „ 1 


10 

100 

1,000 


3. Avtomatic gain control curve 

1 X normal input voltage corresponds to 1 normal output voltage 


5 X 

»f 


>* 


„ 5 X 

9f 

99 

>> 

10 X 

If 


If 

9P 

1, 8 X 


If 

II 

100 X 

If 


If 

9$ 

„ 18 X 


II 


1,000 X 

If 



99 

„ 30 X 


II 


10,000 X 

If 


If 

99 

1, 42 X 


II 

II 


TABLE OF COILS 
See Circuit IV. 

The coils used for Circuits IV and V are identical. 
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VI, 5-Valve superheterodyne receiver 

Valves used: *‘Miniwatt*’ EK 3, EBF 2, EEM 1, EL 3, AZ 1. 

In this receiver the combined A.F. ampMer and electronic indicator EFM 1 is* used, 
with negative feed-back from the speech coil. The sensitivity at the aerial as weU 
as in the medium- and long-wave bands is 16 /xV and there are thr^ wave bands, viz: 

Long waves 830—^2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m. 

The R.F., I.F. and oscillator coils are identical with those employed in Circuits IV 
and V for the 6-valve receivers, the only difference between the two last-named 
circuits and the present receiver being in the I.F. valve and the design of the A.F. 
section: the I.F. valve is the pentode unit in the EBF 2, which operates with sliding 
screen voltage. For detection and automatic gain control the two diodes in the other 
section of the valve are employed; these are connected to tappings on the I.F. coils 
in order to reduce I.F. circuit losses. Both the EK 3 and the EBF 2 are included 
in the A.G.C. system and the cathode voltage of the last-mentioned valve also serves 
as delay voltage for the control. R 12 is the load resistor for this diode; since the 
required delay voltage is in excess of the grid bias needed by the pentode unit only 
a part of the cathode potential is applied to the EBF 2, through a potential divider 
formed by R 12, 13, 14 and 15, which means that only a portion of the delay voltage 
is applied to the I.F. valve, across i?!,. Further, part of the positive cathode potentia 
of the EBF 2 is applied via the potential divider R 12—15 to the 4th grid of the EK 3, 
for which reason the biasing resistor is rather larger than usual. 

The A.F. signal is passed from the volume control Ry, across the tone control —Cgi) 
to the grid of the EFM 1; a resistor, R^u of 50,000 ohms is connected in series with 

the volume control; 
otherwise the detec¬ 
tor diode would be 
in parallel with the 
pick-up when the set 
is used for gramo¬ 
phone reproduction, 
and this would pro¬ 
duce considerable 
distortion. 

A portion of the 
speech voltage is 
tapped from the po¬ 
tential divider Rgg, 
^ 3 o» ^29 ^or fee¬ 

ding back to the cathode of the EFM 1, and this is sufficient to give a feed-back factor 
of about 4. Capacitors are connected in parallel with R^q and R 2 i, the values of these 
being such that the amount of negative feed-back is reduced at high and low frequencies; 
the response is thus rendered more uniform on all frequencies. 

In this circuit a resistor is connected to the cathode of the EFM 1, without a decoup¬ 
ling capacitor, and in certain circumstances this may give rise to hum; in this event, 
and if better performance is required, the circuit of the EBC 3 in diagram IV may 
be preferred, although the sensitivity will then be slightly less. 

The negative potential occurring across the potential divider 1?^ is applied through 
a filter consisting of Ri^ and Cgg to the **earth*’ end of the grid leak of the EFM 1 
for the purpose of providing tuning indication. 

The rectifying valve is the AZ 1 and the smoothing choke should have an inductance 
of 8 H. The total amount of current used is about 71 mA. 
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TECHNICAL DATA 


Sensitivity (for 50 mW output) in the medium- aiid long-wave bands, 
at the diode 0.5 V ^ 

at the I.F. valve 5 mV > / 

at the mixer valve (octode) 50 piV f S 

at the aerial 16 fiV S 


I.F. stage gain: 100 
Conversion gain factor: 100 
Voltage gain factor; 3 


2. Selectivity 

Attenuation on detuning -j- 4.5 and — 4.5 kc/s: 1 : 10 

,, ,, -f- 6 and — S ,, 1 : 100 

„ „ „ -f 13 and — 13 „ 1 : 1,000 


3. Automatic gain control curve 

1 X normal input voltage corresponds to 1 

6 X ,, ,, ,, ,, o 

10 X 8 

100 X „ 18 

1,000 X » „ .. „ .. 30 


10,000 X 


X normal output voltage 


42 X 


TABLE OF COILS 


Coil 

Number 
of turns 

8elf-inductan ce 

Type of 
winding 

Dia. of 
former 

Dia. of 
wire 

mm 

Type of 
wire 


13 

_ 

layer 

n 

0.1 

Enamel 


180 

— 

wave 

WSm 

0.1 



680 

— 


mSM 

0.1 

99 

S4 

12 

— 

layer 

14 

1 


S5 

2X58 

(82, 83 and 86 shorted) 






160 

wave 

17 

15x0.05 

Litz 

86 

310 

85 4- 86 (82 4- 83 shorted 







in series) 2,150 


17 

0.1 

Enamel 

S7 

2x57 

(88 shorted) 160 /iH 

,, 

17 

15x0.05 

Litz 

88 

294 

87 88 - 2,150 jaH 


17 

0.1 

Enamel 

89 

7 

layer 

17 

0.5 

99 

810 

54 

89 -f 810 (811 shorted) 






- 75 /iH 

W'ave 

17 

0.1 

Enamel 

sn 

99 

89 + 810 4-811 -320/<H 



0.1 

>» 

812 

7 

— 

layer 


0.1 


813 

35 

— 

wave 


0.1 


814 

40 

— 

$9 


0.1 

»» 








816 j 




with 



816 f 

817 1 

2x130 

— 


7 mm 
iron 

5X0.07 

Litz 

818; 


t 


core 






























VII. 4-Valve superheterodyne receiver 

Valves used: “Miniwatt” EK 3, EF 9, EBL 1, AZ 1. 

The following is a description of a small, low-priced receiver which, notwithstanding 
the small number of valves employed, has very outstanding properties. Sensitivity 
on the medium- and long-wave bands is 45 fiY and there are three bands, viz: 

Long waves 830—2,000 m 
Medium waves 200— 546 m 
Short waves 15— 48 m. 

In this receiver the R.F., I.F. and oscillator coils are the same as those employed 
in Circuit V; the difference between these two receivers is that only one valve is used 
in place of two others, namely the EBL 1 instead of the EBC 3 and EL 3, in conse¬ 
quence of which the A.F. gain is much less. Further, there is no negative feed-back 
or visual tuning indicator. 

For detection and A.G.C. the two diodes of the EBL 1 are employed, delay voltage 
for the A.G.C. being derived from the cathode voltage of this valve and, as the delay 
voltage needs to be higher than the grid bias on the output valve, an extra resistor 
is connected in series with the self-biasing resistor. The control voltage is applied 
to the appropriate valves via a potential divider R^i and i? 22 * 

To ensure satisfactory low-note response the bias resistor of the EBL 1 is decoupled 
with a 50 fiF electrolytic capacitor. The tone-control circuit consists of a capacitor 
of 50,000 fifiE in series with a 50,000 ohm resistor across the primary side of the 
output transformer. 

As the amplification of the output valve is not sufficient for gramophone reproduction, 
the I.F. valve in this case operates as A.F. amplifier; the resistor i?i 4 , which on radio 
reception decouples the anode voltage, functions as load resistor for record pla 3 fing. 
The rectifier section is similar to that of the 6-valve receiver and the total current 
is about 70 mA. 


TECHINCAL DATA 


1. Sensitivity (for 50 mW output) on medium and long waves: 


at the diode 1.4 V / 

at the I.F. valve 14 mV ' / 

at the mixer valve (octode) 140 fiY ' 
at the aerial 45 piV 


I.F stage gain: 100 
Conversion gain factor: 
( Voltage gain factor: 3 


100 


2. Selectivity 

Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 : 10 

„ „ M +8 and — 8 „ 1 : 100 > 

„ „ .. + 13 and — 13 „ 1 : 1,000 

3. Automatic gain control curve 

1 X normal input voltage corresponds to 1 X normal output ventage 


5 X 

,9 

9* 

♦> 

>9 

» 5 X 

*9 

tt r 

10 X 


,, 


3i 

„ 8 X 

tt 

It 

100 X 




tt 

„ 18 X 


It 1 

1,000 X 




1, 

„ 30 X 


II 1 

10,000 X 


>» 

ft 

»» 

' 42 X 

tf 

4 

tt 9 
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TABLE OF gOILS 


Coil 

Number 

Self-inductanoe 

Type of 

Dia. of 

Dia. of 

Type of 

of turns 

winding 

former 

wire 

mm 

wire 

SI 

13 

_ 

layer 

n 

0.1 

Enamel 

S2 

180 

— 

wave 

WSm 

0.1 

,, 

S3 

680 

— 

fp 

mSm 

0.1 


S4 

12 

— 

layer 

mm 

1 


S5 

2X68 

(S2, S3 and S6 shorted) 







160//H 

wave 

17 

15x0.05 

Litz 

S6 

310 

S5 4- S6 (S2 -f- S3 shorted 







in series) = 2,150 

99 

17 

0.1 

Enamel 

S7 

2x57 

(88 shorted) = 160 ftH 


17 

15x0.05 

Litz 

S8 = 

294 

S7 -f S8 = 2,150 /mH 

99 

17 

0.1 

Enamel 

S9 

7 

— 

layer 

17 

0.5 

,, 

SIO 

54 

S9 + SIO (Sll shorted) 







= 75 

wave 


0.1 


Sll 

99 

S9 4- SIO 4 Sll = 320/iH 

99 


0.1 


S12 

7 

— 

layer 


0.1 


S13 

35 

— 

wave 


1 0.1 


S14 

40 

— 



0.1 









S15 ) 







S16f 

S17( 

2X130 

— 

99 

7 mm 

iron 

5X0.07 

Litz 

SIS) 




core 
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Vlll. 3- Valve receiver for local itiitione 
Valves used: “Miniwatt” EP 6, EL 3, AZ 1. 

This single-cirotiit receiver has three wave-bands, viz: 

Long waves 770—^2,000 nx 
Medium waves 200— 560 m 
Short waves 16— 63 m. 

It comprises a grid detector with output stage and rectifier; tuning is but little 
affected by the aerial and the station dial may be calibrated. 



xuftLtmosKiVKL omi mTttiTom.t6o ifttsmuseiTs 

innng vun scttgHA oe tumtAU AMwf um tMMni tm «rc4W or OMvrs or awrrrr owrr*n** 
vtemtnoA emcm oiaviam without Amr smoAMne as ro rnTtArmoMrs 

Circuit diagram. 


In the medium- and long-wave bands the aerial coupling is inductive (switch I closed); 
the self-inductanccs of the aerial coils 8^ and 8^ are such that their resonant fre¬ 
quencies lie below the lowest frequency in the wave band concerned (e.g., at 700 and 
2,200 m). The two aerial coils have a potential divider of 6,000 ohms in parallel with 
them, the aerial being connected to the slider, by which means the input signal, and 
simultaneously the volume, can be adjusted as desired. 

In the short-wave band (switch II closed) the aerial coupling is capacitive. All the 
coils are wound on a common former and tuning is by means of a variable capacitor 
of maximum capacity 600 fifAF. Care must be taken to employ a drive having a 
sufficiently high ratio reduction gear to facilitate tuning on short waves. 

The coils are operated by a switch that should have the lowest possible capacitance, 
and if the mains switch is combined with the coil switch the former must be carefully 
screened to avoid induced ripple on the grid of the detector; for the same reason all 
leads at mains potential should be properly screened. 

The reaction coupling is inductive and can be controlled by a variable capacitor 
of at most 600 (AfiV, The anode resistor of 0.2 megohm is not connected di^t to 
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the anode but to the junction of the short and medium-wave reaction coils; in this 
way the input circuit of the output valve is not in parallel with the short-wave coupling 
coil when the receiver is operating on short waves and the reaction control functions 
without difficulty over the whole range. To prevent over-oscillation» this coupling 
coil has a 10,000 ohms resistor in parallel with it. On n^dium and long waves the 
coupling is normal, the small short-wave coil 8^ having practically no effect on 
reception. 

In order to suppress parasitic oscillation on very short wavelengths the grid lead to 
the output valve EL 3 is made from a 1,000 ohm spiralised resistor, whilst a resis¬ 
tor of 400 ohms is included in the lead to the screen grid. The cathode of the £F 6 
is connected to a 3,200 ohm resistor (B^) with a 0.1 /tiF decoupling capacitor Cg 
to raise it above earth potential, thus providing the necessary bias for A.F. amplifi¬ 
cation when the set is used for gramophone reproduction. When the pick-up is connected 
to the set the grid will be at earth potential, owing to the low internal resistance of 
the pick-up itself, in which case B^ ceases to function. 

As regards assembly of the chassis, it is essential to fit a screen between the detector 
and output valves; moreover, the pick-up sockets should ,not be too close to the 
loudspeaker sockets, since the high amplification produced by the two valves may 
otherwise give rise to A.F. feed-back. 

The AZ 1 is employed as rectifier, and the smoothing circuit consists of two electrolytic 
capacitors of 32 fiF each and a resistor of 4,000 ohms. The no-load voltage from 
the power transformer should be 2 X 240 V. The total current used is about 42 mA. 


TABLE OF COILS 


CbU 

Number of 
turns 

Type of 
winding 

Diameter 
of former 

Diameter 
of wire 
mm 

Type of 
wire 

SI 

176 

wave 


16 X 0.06 

B.F. Litz 

S2 

580 

If 


0.1 

Enamelled 

S3 

6 

layer 


0.8 

d.s.c. 

S4 

2 X 48 

wave 

20 mm 

16 X 0.06 

B.F. Litz 

S5 

258 



0.1 

Enamelled 

S6 

7 

layer 


0.3 

99 

S7 

8 

tf 


0.1 


S8 

35 

$9 


0.1 

•• 


Diameter of can = 48 mm. 
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Circuits 

for A.C./D.C. receivers 



IX, 7-Valve superheterodjme receiver for 220 V mains 

Valves used: “Miniwatt” CK 3, EF 9, EEC 3, CL 4, CY 1, EM 1, C 1. 

Apart from the supply section and the valves employed, this receiver circuit is iden¬ 
tical with the 6-valve receiver, Circtdt V. The wavebands and coils are the same, 
as also the main features of the circuit; sensitivity is 16 //V. The wave ranges are 
as follows: 

Long waves 830—^2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m. 


Connection of heaters 

The valve heaters and the pilot lamp are all in series with a barretter, type C 1, and 
the sequence of the heaters is so arranged that ripple from the mains is kept as low 
as possible; the heater of the EEC 3 is accordingly earthed. 

Anode voltage 

The rectifier is the CY 1. Since one side of the mains is applied directly to the chassis, 
capacitors are included in the aerial, earth and gramophone connections. The chassis 
as such must therefore never be earthed and has to be mounted in the cabinet in 
such a way that it cannot be touched when live. For the smoothing circuit two eiectro- 
l 3 rtic capacitors of 32 ^F (320 V) and an 8 H choke are used. The total amount of 
current consumed is about 77 mA. 


TECHINICAL DATA 

1. Sensitivity (for an output of 50 mW) on the medium- and long-wave bands: 

at the diode 0.5 V(eff) t 

at the I.F. valve 5 mV(eff) ' ^ 

at the mixer valve (ootode) 50 //V(eflf) / ^ 
at the aerial 16 /AV(eff) ' 


I.F. stage gain: 100 
Conversion gain factor: 100 
Voltage gain factor: 3 


2. Selectivity 

Attenuation on 


detuning -f 4.5 and 
„ +8 and 

„ -I- 13 and 


4.5 kc,8: 1 : 10 

8 1 : 100 

13 1 : 1,000 


3. Automatic gain control curve 


1 X 
5 X 
10 X 
100 X 
1,000 X 
10,000 X 


normal input voltage corresponds to 1 ^ normal output voltage 
,, „ 5 ^ 

8 

M 18 X 

.. 30 X 
42 X 


TABLE OF COILS 

For details of the coils in this receiver reference may be made to Circuit IV. 
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Circuit given without any guarantees with respect to patent rights. 


















X. 5-Valve superheterodyne receiver for 110 V mains 

Valves used: “Miniwatt” CK 3, EF 9, EBC 3, CL 6, CY 1. 
fn principle this circuit is the same as Circuit IX for a 7-valve receiver. As the operating 
voltage is 110 V, however^ the mixer valve is connected in a different manner, and 
no tuning indication is provided. The power section is also different. The receiver 
has a sensitivity of about 18 )uV. 

The output valve is the CL 6, which, in spite of the low anode voltage available, 
delivers a relatively large amount of power. The receiver employs the same coils 
as those used in the 220 V model, and the wavebands are: 

Long waves 830—^2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m. 

For the R.F. circuits reference may be made to the description of the 6-valve A.C. 
Circuit (IV). 

To minimize frequency drift, the oscillator circuit is connected to the second grid 
of the octode CK 3, which is included in the A.G.C. system on all wave bands. 

The three oscillator coils are wound on a common former. Padding capacitors are in 
series with the coils and are included in the coil switching. Owing to the fact that the 
available anode voltage is low, the resistor should not exceed 5,000 ohms and this 
resistor is placed between Siq and in order to avoid the circuit losses that would 
occur if the arrangement in Circuit IX was employed. Apart from inductive reaction, 
capacitive coupling is also provided, the lower end of the coupling coil being connected 
to the padding capacitor. 

As the tuning capacitor would otherwise be live, an insulating capacitor ^80 is fitted. 
The values of the padding capacitors are about 525 fi/iF for the medium waveband 
and about 165 jli/iF for long waves, the latter value being obtained by connecting a 
capacitor of 220 jli/hF in series with the medium-wave padding capacitor. is an 
insulating capacitor, which in no way affects the padding. 

The intermediate frequency is 470 kc/s and the I.F. coils are the same as those used 
for Circuit VI; in the present circuit, however, the I.F. valve has a fixed screen voltage. 
A tone control is included in the anode circuit of the output valve and consists of a 
capacitor of 0.1 fiF with a 50,000 ohms variable resistor in series with it. The rectifying 
valve is the CY 1; the smoothing choke should be of 8 H. The total current consumed 
is about 69 mA. In this circuit the valve heaters are in series with the pilot lamp and 
a resistor of 12.5 ohms (0.5 W), the sequence of the heaters being so arranged that 
mains ripple is kept as low as possible. 
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TECHNICAL DATA 


1. Sensitivity (50 mW output) on the medium and long wavebands: 


at the diode 0.6 V(eff) ^ 

at the I.F. valve 6 mV(e£f) ) { 

at the mixer valve (octode) 60 A*V(eff) ^ ' 

at the aerial 18 //V(eflr) ' 


I.F. stage gain: 100 
Conversion gain factor: 100 
Voltage gain factor: 3 


2. Selectivity 


Attenuation on detuning -f 4.5 and — 

4.6 kc/s: 1 

: 10 

„ „ ,, +8 and — 

8 

M 1 

: 100 

M „ „ + 13 and — 

13 

1 

: 1,000 

Automatic gain control curve: 




1 X normal input voltage corresponds to 

1 X 

normal output voltage 

5 X 9. 99 9* 

»* 

5 X 

t* •• •» 

10 X 

,, 

18 X 

•* » »» 

100 X . 

,, 

30 X 

,, , ,, 

1,000 X . 

,, 

42 X 

» t, .. 


TABLE OF COILS 


Coil 

Number 
of turns 

Self-inductance 

T 3 rpe of 
winding 

Dia. of 
former 
(mm) 

Dia. of 
wire 
(mm) 

Type of 
wire 

SI 

13 


close 

n 

0.1 

Enamel 

S2 

180 

— 

wave 

mm 

0.1 


S3 

680 

— 


WSm 

0.1 

,, 

S4 

12 

— 

close 

■9 

1 


S5 

2x58 

(82, S3 and S6 shorted) 







160 juH 

wave 

17 

15x0.05 

Litz 

S6 

310 

S6 + S6 (S2 + S3 shorted 


17 

0.1 

Enamel 



in series) = 2,150 /iH 

9 , 




S7 

2x57 

(S8 shorted) 160 filA 

,, 

17 

15x0.06 

Litz 

88 

294 

S7 -f S8 - 2,160 


17 

0.1 

Enamel 

89 

7 

— 

close 

17 

0.5 


SIO 

54 

S9 + SIO (Sll shorted) 







= 75 //H 

wave 


0.1 


Sll 

99 

89 + SIO + Sll =320/^H 

,, 

■ I 

0.1 


S12 

7 

— 

close 

■ 1 

0.1 


S13 

35 

— 

wave 


0.1 


S14 

40 

— 

9$ 

■ fl 

0.1 


S15 ] 







S16 / 
817 ( 

2X130 

— 


7 mm 

6x0.07 

Litz 

S18 ) 




iron 







core 
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XI. 5-Valve superheterodyne receiver for 110 V mains 

Valves used: “Miniwatt” ECH 3, EF 9, EEC 3, CL 6 , CY 1. 

This receiver circuit is similar to Circuit X, also for a 5-valve receiver, but instead 
of the frequency-changer CK 3 the triode-hexode ECH 3 is used. The sensitivity, 
18 fiV, is the same. 

The three wavebands are: 

Long waves 830—^2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m. 

For details of the B.F. circuits reference may be made to the description of the 
6 -valve A.C. receiver. Circuit IV. The oscillator circuit is connected to the grid of the 
triode section of the ECH 3 and, although this arrangement produces rather more 
frequency drift than when the circuit is coupled to the anode, it is preferable, as it 
simplifies the feeding of the triode anode; the coupling coil is connected directly to 
the source of anode voltage, and the voltage drop which a series resistor would 
entail, is thereby avoided. At the same time, the amount of frequency drift is still 
within the necessary limits, so that the mixer valve ECH 3 can be included in the 
A.G.C. system on short as weU as other wavebands. 

The oscillator coils are also indentical with those described in Circuit IV, and the 
padding capacitors are again placed in series with the coils and included in the coil 
switching; to prevent parasitic oscillation on the long-wave band, switch VII is 
closed when operating in this range. The grid capacitor C 4 , is 56 fifiF, this value 
ensuring reliable oscillation on long waves and a minimum of frequency drift on the 
short-wave band. Small stopper resistors are included in the leads to the first and 
third grids of the hexode unit of the valve, to suppress parasitic oscillation. 

The oscillator voltage on the third grid of the hexode (and grid of the triode) should 
be approximately 8 V(efr)^ with 200 //A passing through J?,. The I.F. is 470 kc/s and 
the I.F. coils are the same as in Circuit IV; the I.F. valve operates on a fixed screen 
potential. 

For detection, A.F. amplification, and also to provide the control voltage for the 
A.G.C., the double-diode triode EEC 3 is used. 

The L.F. voltage is taken from the volume control via resistor Eji and capa¬ 
citor ^’25 to the grid of the EEC 3, i? 2 i being necessary to prevent R.F. voltages 
from entering the A.F. section. The control grid and screen grid of the output valve 
CL 6 are also provided with stopper resistors. The tone control, across the primary 
side of the output transformer, consists of a capacitor of 0.1 /iF in series with a 
50,000 ohm variable resistor. 

When a pick-up is used with the receiver the voltage from the former is applied to 
the volume control through capacitors and Cjo, and a resistor of 
56,000 ohms is placed in series with the volume control to avoid the detector diode 
being across the pick-up. 

The rectifying valve is the CY 1 and the smoothing choke should be of 8 H. The total 
current consumed is about 66 mA. 

For sketches and table of coils see Circuit IV. 
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TECHNICAL DATA 

1. SensOMty (for 60 mW output) on the mediuni and long wavebande: 

at the diode 0-® ^(®*) | i.F stage gain: 100 

at the I.F. valve 6 nl^e«) > ( conversion gain factor: 100 

at the mixer valve (octode) 80 /«V(eB) /' Voltage gain factor: 3 
at the aerial ' 


2. Sdeetivity 

Attenuation on detuning + 4.6 and — 4.6 c/s: . 

+ g and — 8 „ i • aw 

+ 13 and — 13 » Is 1.000 


3. Automatic gain control curve: 

1 X normal input voltage corresponds to 
6 X „ .• 

10 X 
100 X 
1,000 X 


1 X normal output voltag 
5 X ** >♦ •* 

18 X . 

30 X . 

42 X . 
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XII. 4-yalve receiver for reception of local stations 
Valves wed: “Miniwatt” EF 6, CL 4, CY 1, C 1. 

This small, “straight” receiver for A.C./D.C. mains operation has three wavebands 
and is similar to the A.C. model, Circuit VIII, with the exception of the heater-supply 
and high-tension circuits. The heating circuit is as shown in the diagram. When the 
half-wave rectifying valve CY 1 is fitted, the receiver is suitable for A.C. and D.C. mains 
of 220 —250 V, but details of a voltage-doubling arrangement employing the full-wave 
rectifying valve CY 2 are also given; in this case the receiver will also operate on 110— 
127 V A.C. mains when the points marked “110 V” in the diagram are short-circuited. 
With the points “220 V” shorted, the circuit is the same as for the CY 1 and the set 
can be run on A.C. and D.C. 220—250 V supplies. Where the voltage-doubling circuit 
is employed, that is, on 110—127 V A.C. mains, the barretter C 1 is replaced by a 
resistor of 175 ohms (10 W) or, if no pilot lamp is to be fitted, it is advisable to 
use the C 2 instead of this resistor. 





























CIRCUITS 

for Lattery receivers 



Xlll. 6-Valve superheterodyne receiver 

Valves used: “Miniwatt” KP 3, KK 2, KP 4, KB 2, KC 3. KDD 1. 

This circuit possesses excellent charactenstics, being equipped with an R.P. pre* 
amplifier and a balanced output stage delivering 2 W. The wavebands covered are 
as follows: 

Long waves 876—2,110 m 
Medium waves 200— 669 m 
Short waves 17— 61 m. 

Batteries 

1) H.T. battery 136 V 

2) Grid-bias battery 3 V 

3) Accumulator 2 V. 

For the grid bias part of the voltage from the H.T. battery may be tapped, instead 
of using a separate battery. 

Current consumption 

The filament current is 0.77 A: when the set is used for gramophone reproduction 
the KP 3, KK 2 and KB 2 are switched of! and the filament current is then only 
0.6 A. Without an aerial input signal the H.T. current is about 12 mA, whilst with 
maximum excitation of the output valve the consumption is roughly 36 mA. When 
the set is used as a gramophone amplifier the anode current without a signal is 8 mA 
and with full excitation 32 mA. 

Coils^ capacitors and circuits 

The medium-wave R.P. coils have a self-inductance of 160 ^H and the long-wave 
coils 2,160 ^H; the inductance of the short-wave coils is adjusted to approximately 
1.3 /iH in the receiver. 




Fig. 1 

Sketches of the coils used. 

The R.P. coils are wound on a 20 mm diameter former, the wire used for the medium 
waveband being 16 x 0.06 Litz, whilst for the long waves enamelled copper wire of 
0.1 mm is employed. The short-wave coils are wound on separate formers with 1 mm 
enamelled wire. The numbers of turns on the coils for the first and second R.P. circuits 
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are not the same, as the self-inductanoe values should be similar under varying con¬ 
ditions. The first coil is inductively coupled to the aerial and trimming in the medium- 
and long-wave bands is carried out wi^ih the two coils and short-circuited; in 
both ranges the voltage gain amounts to a factor of about 5. The second R.F. coil 
is connected directly to the anode circuit of the R.F. valve, which means that the anode 
voltage occurs across the plates of the tuning capacitor, and if the latter is not 
suitable for this purpose an insulating capacitor of sufficiently high capacitance must 
be used. 

Stray capacitance between the R.F. circuits should be kept as low as possible. On 
the medium waveband an oscillator coil of 128 /iH is used and on long waves a coil 
of 987 /uH, the long-wave padding capacitor being shorted simultaneously with the 
coil. Resistor Ei^ is a damping resistor for the suppression of parasitic oscillation. 
The short-wave oscillator coil is wound on the same former as the medium and long¬ 
wave oscillator coils. Padding capacitor values are approximately 2,500 jujuF for the 
medium waves and 700 fi/jiF for the long waves, the latter value being obtained by 
connecting about 1,000 fifxF in series with the medium-wave capacitor; the padding 
capacitor Cgg in the short-wave oscillator circuit also serves to provide capacitive 
reaction. 

The wave-change switch should be so arranged that when the receiver is switched 
from the long to the medium-wave band, the tuning coil Si^ cannot be shorted in 
advance of the coupling coil 8i^. 

The intermediate frequency is 125 kc/s and the self-inductance of the l.F. coils is 
about 17.5 mH, tuning to 125 kc/s being affected by variable capacitors of approxim¬ 
ately 140 fjLfiY. Coupling between the two circuits is critical in the case of both the l.F. 
transformers and, since the two circuits of the second of these transformers are damped 
by the double-diode KB 2, the coupling between these two coils has to be tighter 
than in the first transformer; this explains why the spacing of the coils in the first 
transformer is 17 mm and that of the second 8 mm. 

Calculating from the aerial to the control grid of the octode, the gain to be obtained 
in this receiver amounts to a factor of about one hundred on both medium and long¬ 
wave bands. Normally such a high gain would not be practicable in view of the higher 
harmonics of the signal frequency, which would produce too much interference in 
the form of whistles, but due to the high sensitivity of the circuit and the very flat 
A.G.C. characteristic the conductance of the R.F. valve is reduced by such a high 
grid bias on reception of practically all the stations concerned that the maximum 
R.F. gain is seldom obtained. However, on very weak stations which hardly come 
into consideration for general reception, when the R.F. amplification is at its highest 
faint whistles will be audible. 

Valves 

The R.F. valve has 80 V applied to both anode and screen, the total current passing 
through the valve thus being only 0.8 mA; a resistor, Ei^, of 64,000 ohms is used 
to reduce the battery voltage to the required 80 V. 

The R.F. voltage is transformed into an l.F. voltage by the octode KK 2, the cur¬ 
rent consumption of which on the medium and long-wave bands is only 3.3 mA. 
A potential of only 45 V is therefore applied to grids 3 and 5. To ensure reliable 
oscillation on the short-wave band, the voltage on these grids has to be increased to 
60 V on that band and the current consumption is then 4.3 mA. In order to dispense 
with the switch necessitated by this arrangement, it is possible, however, to run 
the octode with 60 V on the 3rd and 5th grids on medium and long waves as well, 
but the current consumption is then naturally higher. 

Automatic gain control is applied to the octode in the medium and long-wave ranges 
whereas on short waves a fixed potential of —1.5 V is applied to grid 4; this potential 
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is used Bfi the minimum grid bias for the octode on the medium and long*wave bands, 
as well as for the R.F. and I.F. amplifying valves. A lower bias can of course be used to 
increase sensitivity, but the anode current wiU thep be somewhat higher. 

The R.F. pentode KF 4 serves as I.F. amplifier, taking a total current of 2.3 mA 
with a grid bias of —1.5 V; this valve is not included in the A.G.C. system. The 
intermediate frequency is rectified by one of the diodes of the KB 2, the other diode 
being employed for A.G.C. purposes. The cathode of the KB 2 is connected to a 
tapping on the H.T. battery and the load resistor of the A.G.C. diode is 
at a potential of —1.5 V, so that the controlled valves also receive this bias when 
the control is not in operation. Consequently, the A.G.C. diode is held at a certain 
threshold potential which delays the control. If a voltage of 12 V (+ B 2 in the circuit 
diagram) is applied to the cathode of the double-diode, the control will commence 
working, roughly speaking, when the output valve is fully excited, assuming a signal 
modulated to 30 %. Owing to the strong signals occurring on the diode, the control 
characteristic, as from the threshold point, is extremely flat. 

To drive the Class B output stage the triode KC 3 is used, this valve taking a current 
of 2.5 mA on a grid bias of —3 V. Two resistors, and Ry, each of 100 ohms, are 
connected across the bias battery; the latter therefore has to deliver a current of 

2 ^ . 10® = 15 mA, so that when the anode current falls the grid bias is also reduced, 

thus preventing the KC 3 from operating on the curved part of the characteristic, 
with consequent serious distortion. The accumulator switch should be of the double¬ 
pole type as shown in the circuit, to break the grid-bias current when the set is 
switched off. 

The resistors R^ and Ry serve also as a potential divider for the bias to be applied to 
the other valves. 

Current from the bias battery—as also the anode current — flows in the lead marked —B, 
but in the opposite direction, and a milliammeter used for measuring the anode 
current of the receiver must not therefore be connected in that lead, but in the lead 
marked -fB 1. 

The different leads connected to the grid of the driver valve KC 3 must be as short 
as possible, to avoid A.F. oscillation; should they be at all lengthy, they should 
be screened and the screening adequately earthed. The driver tran^ormer should 
have a ratio of 2 : (1 + 1); if this is any higher the maximum obtainable output 
is less, whilst if it is smaller the distortion is increased. Care should be taken, further, to 
ensure that the inductance of the primary winding is high enough to guarantee satis¬ 
factory low-note response. The correct number of turns for the primary is 2,500, 
with 2 X 1,250 turns on the secondary and a cross-sectional area of the iron core 
of 2.5 cm®. The primary inductance is 14 H at 50 c/s, with a primary direct current 
of 2.5 mA. 

The output valve KDD 1 comprises two matched, high-gain triodes, the anode cur¬ 
rent, of which without a grid input signal or bias, is extremely low, being only 3 mA 
for the two triodes together; as soon as a signal is received at the grid, the current 
rises, reaching 28 mA at the maximum output of 2.2 W. PracticaUy speaking, therefore, 
this valve constitutes an appreciable load on the H.T. battery only when signals 
are being received and not in the intervals between signals. 

The output transformer should be designed to give a matching resistance of 10,000 
ohms between the anodes of the output valve and, to suppress any tendency towards 
accentuated treble response, capacitors of 5,000 fjtfjLF are connected across the primary 
windings. Capacitor C„, which in conjunction with the variable resistor i. 
placed across the whole primary winding, serves as a tone control. Resistor 
should be at least 0.1 megohm; otherwise too much of the power delivered by the 
KDD 1 will be absorbed. 
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The amplifioation of the KO 3 is not sufficient for gramophone reproduction and the 
I.F. valve KF 4 is therefore used alternatively as an A.F. amplifying valve. Resistor 
which decouples the anode voltage on radio reception, functions as a load resistor 
for gram, reproduction, whilst is a decoupling capacitor on radio and a blocking 
capacitor on gram. 

As the leads to the pick-up sockets are usually fairly long, they should be screened. 
The signal from the pick-up is applied to the grid of the KF 4; capacitor Cig, of 
200 fjifjiF, provides a sufficiently high impedance to the A.F. voltages to prevent the 
pick-up from being shorted by the coil and this capacitor is also large enough to 
allow the I.F. voltage present during radio reception to pass without attenuation 
to the grid of the KF 4, so that it is not necessary to employ a separate switch. It 
is essential, however, when changing back from gramophone to radio reception, to 
remove the pick-up plugs from the set, although if it is found preferable to leave them 
connected a separate switch can be provided to break the connection. 

On gramophone reproduction the KF 4 receives no bias, since the pick-up is connected 
to the chassis, in consequence of which the gain, and also the anode current of this 
valve, will be slightly higher. 

TECHNICAL DATA 


1. Sensitivity (for 60 mW output) on the medium and long-wave bands: 
I.F. signal: 


at the diode 0.9 V(eff) y 

at the grid of the I.F. valve 30 mV(eff) ' 
E.F. signal: 

at 4th grid of octode 1 mV(eff) 

at the grid of the R.F. valve 50 ^V(eff) ( 

at the aerial 10 ^V(eff) S 


I.F. stage gain: 30 
Conversion gain factor: 30 

^ R.F. stage gain: 20 
Voltage gain factor: 5. 


2. Selectivity 

Attenuation on detuning 4- 4.6 and — 4.6 kc/s: 1 : 10 

„ „ „ -h 8 and — 8 „ 1 : 100 

„ „ „ -h 13 and — 13 „ 1 : 1,000 


3. Automatic gain control curve: (-fB2 = 12 V). 

The following points are taken from the control characteristic. 

1 X normal input voltage corresponds to 1 X normal output voltage 


5 X ,, ,, , 

.. „ 5 X ., 


9* 

10 X „ 

„ 9 X 



100 X „ 

.. „ 14 X 



1,000 X . 

„ 20 X 



10,000 X „ 

M >, 25 X V 
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TABLE OF COILS 


Coil 

Number of 
turns 

Self-inductance 

Dia. of 
wire 
(mm) 

Type of 
wire 

SI 

13 

Approx. 8 fxSu 

0.1 

Enamelled 

S2 

160 

Approx. 800 /iH 

0.1 

$» 

S3 

670 

S2 -f S3 == appr. 10.6 mH 

0.1 

»» 

S4 

10 

Approx. 1.3 /xK ♦) 

1 

»» 

S5 

2 X 49 

160 fin *) 

15 X 0.05 

Litz 

S6 

263 

S5 + S6 = 2,160 *) 

0.1 

Enamelled 

S7 

9 

approx. 1.3 fin 

1 

» 

S8 

2 X 48 

160 

15 X 0.06 

Litz 

S9 

249 

S8 -f S9 - 2,150 fin 

0.1 

Enamelled 

SIO 

6 

approx. 1.3 fin 

0.6 

»» 

Sll 

67 

128 fin 

0.1 

tr 

S12 

165 

Sll 4- S12 = 987 

0.1 

» 

S13 

6 

— 

0.1 


S14 

40 

— 

0.1 

»* 

515 

516 ) 

517 r 

67 


0.1 

»» 

518 ( 

519 ) 

1,080 

approx. 17.5 /iH 

0.1 



*) nioaaurcd with shorted coupling coil. 
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XIV. 6»Valve superheterodyne receiver 

Valves •aaed: "‘Miniwatt” KF 3, KK 2, KF 3, KBC 1, 2 x KL 4. 

This is a modified version of Circuit XIII for a fi-valve battery receiver; in place of 
the double-triode KDD 1 in the output stage, two output pentodes KL 4 are used in 
Class B. The maximum output delivered is slightly lower, but the quality of repro¬ 
duction is better, owing to the absence of grid current in the output stage. 

The KBC 1 is used as driver, the anodes of this valve being employed for detection 
and delayed A.G.C. respectively. A 7.6 V grid-bias battery is required for the output 
stage. 

Delay for the A.G.C. system is obtained from the potential divider, consisting of 
-^17 connected between the negative side of the G.B. battery and 
L.T. positive. As the diode anode used for the A.G.C. is located near the positive 

1.3 

end of the filament, the delay is about (7.6 2) = 6.4 V. 

Obviously the potential divider reduces the control voltage somewhat, but the 

A.G.C. is nevertheless sufficiently effective. As the A.F. sensitivity of this circuit is 
higher than that of the receiver employing the KDD 1, the variations in the alternating 
voltages in the anode circuit of the l.F. valve are not so great and this valve can be 
included in the A.G.C. circuit; it is thus possible to use the KF 3 instead of the KF 4. 
In view of the fact that the R.F. valve is also controlled, it is not necessary to control 
the frequency-changer and the inevitable frequency drift is avoided. The A.F. sensi¬ 
tivity is adequate for record playing and in this case the l.F. valve need not function 
as pre-amplifier for that purpose. 

For data regarding the tuned circuits, reference may be made to the receiver incorpor¬ 
ating the KDD 1. 

A driver transformer vriht a ratio of 1 : (1.5 + 1.5) is used in the output stage. 
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XV. 6-Valve superheterodyne receiver 

Valves used: “Miniwatt” KF 3, KK 2, KF 3, KB 2, KF 4, KL 4. 

This circuit differs from Circuit XIV in the arrangement of the output, detector and 
A.F. amplifier stages; only one pentode KL 4 is used instead of two in Class B, with 
the KF 4 as resistance-coupled pre-amplifying valve. 
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XVI. 4-Valve superheterodyne receiver 

Valves used: “Miniwatt” KK 2, KF 3, KBC 1, KL 4. 

This is an extremely simple receiver without an R.F. stage, the sensitivity being, 
therefore, relatively low. The three wavebands covered are as follows: 

Long waves 876—2,100 m 
Medium waves 200— 569 m 
Short waves 17— 61 m. 

Batteries 

1) H.T. battery 136 V 

2) Grid-bias battery 7.5 V 

3) Accumulator 2 V. 

Instead of a separate grid-bias battery, a tapping on the H.T. battery may be used. 
GotZs, capacitors and circuits 

In the medium and long-wave bands the frequency-changer is preceded by a band¬ 
pass filter, but on short waves this gives place to a single tuned circuit. The self-induc- 
tance values of the R.F. coils are 160 /iH for the medium-wave band and 2,160 pB. for 
the long waves; the inductance of the short-wave coil is adjusted to about 1.3 pR 
in the receiver. The R.F. coils are wound on a former 20 mm in diameter, with Litz 
wire 16 X 0.06 mm for the medium-wave range and 0.1 mm enamelled copper wire 
for the long waves; the short-wave coil is separate. 



Fl(f. 1 

Sketches of the coils. 


In the medium-wave band the oscillator-coil inductance is 128 pB and in the long-wave 
range 987 pB, the padding capacitor for the latter waveband being switched simul¬ 
taneously with the coil. J ?4 is a damping resistor for suppressing parasitic oscillation. 
The short-wave oscillator coil is wound on the same former as the other oscillator coils. 
Padding capacitor values should be approximately 2,600 p/xY for the medium-wave 
band and about 700 p/xF for the long waves, the latter value being obtained by connect¬ 
ing roughly 1,000 ppY in series with the medium-wave padding capacitor. 

fulfils a double function in serving also to establish capacitive coupling. The 
wave-change switch should be so arranged that when the receiver is switched from 
the long-wave to the medium band, there is no chance of shorting-out the tuning 
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coil Sg in advance of the coupling coil S^. The intermediate frequency is 126 kc/s and 
the inductance of the I.F. coils is about 17.5 mH, the I.F. being adjusted to 125 kc/s 
by means of variable capacitors of capacitance about 170 jU/iF; the coupling between 
the circuits of both I.F. transformers is critical. The secondary side of the 2nd I.F. 
transformer is damped by the detector diode and the coupling of the two coils of this 
transformer should therefore be tighter than in the first transformer; hence the spacing 
of 17 mm between the coils in the first and only 8 mm in the second I.F. tranBformer. 

Valves 

The mixer valve is the KK 2, grids 3 and 5 of which are at a voltage of only 45 V 
on the medium and long-wave bands; on short waves this is increased to 60 V. On 
the former wavebands the octode is included in the automatic gain control circuit, 
but for short-wave operation a fixed bias of —1.5 V is applied to grid 4. 

The KF 3 is used as the I.F. valve and is controlled by the A.G.C.; the intermediate- 
frequency signal is rectified by the parallel-connected diodes of the KBC 1. 

The A.G.C. is not delayed, the control voltage being derived from the load resistor 
in the detector circuit; a negative potential exists across this resistor even in the 
absence of a signal, so that it is not necessary to provide a separate bias for the KK 2 
and KF 3 valves. The output valve KL 4 is resistance-coupled to the triode section 
of the KBC 1. 


TABLE OF COILS 


Coil 


Number 
of turns 

Self-inductance 

Type of 
winding 

Dia. of 
former 
(mm) 

Bia. of 
wire 
(mm) 

Type of 
wire 

SI 


2X48 

160 

wave 

20 

16X0.06 

Litz 

S2 


249 

SI + S2 - 2,150 //H 

t* 

20 

0.1 

Enamel 

S3 


2x48 

160 

$f 

20 

15x0.06 

Litz 

S4 


249 

S3 + S4 - 2,160 


20 

0.1 

Enamel 

S5 


9 

approx. 1.3 

close 

20 

1 

,, 

S6 


6 

approx. 1.3 fiK 

99 

20 

0.6 


S7 


67 

128 fzK ») 

wave 

20 

0.1 


S8 


165 

S7 + S8 = 987 /iH 

»» 

20 

0.1 


S9 


6 

close 

— 

0.1 

9t 

SIO 


40 

— 

wave 

20 

0.1 


511 

512 


67 

— 


20 

0.1 


513 

514 
S16 


1,080 

approx. 17.6 mH 


12 

0.1 



•) 82 shorted. *) 84 shorted. ») 88 shorted. 
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XVII. 4- Valve 8Uperheterod3rne receiver 

Valves used: “Miniwatt”: KCH 1, KF 3, KBC 1, KL 6. 

This is a simple battery superhet. of relatively low sensitivity, namely ISb /uV on 
the medium- and long-wave bands. It has th^ ranges, viz: 

Long waves 830—^2,000 m 
Medium waves 200— 547 m 
Short waves 16— 48 m. 

Automatic gain control is applied to the frequency-changer and I.F. valve on all 
the wavebands. 

Batteries 

1) H.T. battery 120 V. 

2) Accumulator 2 V. 

The A.F. and output valves are self-biased by means of resistors. 

CoilSf capacitors and circuits 

On the medium- and long-wave ranges the mixer valve is preceded by a capacitively- 
ooupled band-pass filter. The variable capacitor is of 20 to 500 pfiF and, taking into 
account a minimum capacitance on the medium and long-wave bands of 50 and 
70 ppiF respectively (trimmers, wiring, etc.) and also the capacitance of the band-pass 
filter coupling capacitor which is in series with the tuning capacitor, the capacitive 
variation on the medium-wave band is 70 to 527 pfiV and on long waves 90 to 521 ^i/iF. 
R.F. coils of inductance 160 /uH and 2,150 /iH then give a medium-wave band of 
199.5—547 m and a long-wave band of 829—^2,000 m respectively. 

On short waves a single R.F. circuit only is employed; the inductance of the short¬ 
wave coil is about 1.3 //H. 

The tuned R.F. circuit, on medium and long waves, is coupled to the aerial both 
inductively and capacitively, giving a fairly constant voltage gain factor of 3 throughout 
the ranges; on short waves the aerial coupling is purely inductive. 

To minimize frequency drift, the oscillator circuit is connected to the anode of the 
triode part of the KCH 1, thus permitting the mixer valve to be controlled also on 
the short-wave band. 

The medium and long-wave oscillator coils are wound on the same former (see Fig. 1) 
and the padding capacitors are in series with the coils; on the medium and long¬ 
wave bands, moreover, the “lower” end of the coupling coil is connected to the 
“upper"’ end of the padding capacitor to ensure a more uniform oscillator voltage 
over the whole of the wave-range. 

No padding capacitor is fitted on the short-wave band. 

The anode feed is applied through a resistor the voltage being blocked from 
the oscillator circuit by capacitor Cia (parallel feed). On the medium-wave band the 
value of the padding capacitor should be about 538 ppiF and on long waves approxim¬ 
ately 180 jU/iF, but the ultimate values depend on the minimum capacitance of the 
circuits. The grid capacitor Cx% is 56 iU^F, this giving reliable oscillation on the long¬ 
wave band, with a minimum of frequency drift on short waves. 

The intermediate frequency is 470 kc/s. Iron-cored coils are fitted in the I.F. circuits 
and the quality of these circuits is accordingly very high; the inductance of the coils 
is about 1 mH and the value of the capacitors in the I.F. circuit should be 100 /t^F; 
these capacitors should be of the best low-loss type if the required quality of the 
circuit is to be attained. These circuits are trimmed by means of iron cores, which 
are rotated to vary the self-inductance. 



Valves 

The frequency-changer is the 
triode-hexode KCH 1, the 2nd and 
4th grids of which are fed through 
the resistor to suppress fre¬ 
quency drift. 

To avoid possible parasitic oscilla¬ 
tion a stopper resistor Bi^ is con¬ 
nected to the 1 st grid of tWs valve. 
The oscillator voltage on the 3rd 
grid of the hexode section (and 
grid of the triode) should be 
8 V(eflf), with 180 fiA passing 
through JK 3 . 

The KF 3 is used as the I.F. valve, 
the screen being fed through a 
resistor; this valve is controlled 
by the A.G.C. For detection and 
A.G.C., the two diodes of the 
KBC 1 are employed, each of these 
diodes being connected to a tap¬ 
ping on the I.F. coils to reduce 
circuit losses. Delay for the A.G.C. 
is established in the first place by 
the fact that the diode anode used 
for this purpose is located near the 
positive end of the filament and, 
secondly, by the negative potential 
applied to this diode anode and 
obtained from the potential-divider 
Bg, Bg, Biq, The valves controlled 
by the A.G.C. also receive their 
respective bias from this potential 
divider when the control is not 
operating. It is true that only one 
half of the available control voltage 
is obtained across Bg — Bg, but this 
is quite sufficient to ensure a reas¬ 
onably straight control charac¬ 
teristic. 

The A.F. voltage is applied to the 
grid of the KBC 1 through the 
volume control B^, and capacitor 
0 * 4 . The output valve is the KL 6 , 
which operates on a filament cur¬ 
rent of only 0.1 A; with 120 V on 
anode and screen, this valve will 
deliver an output of 0.38 W. The 
total current to be supplied by the 
H.T. battery is approximately 
14 mA. 



60 

B* 

B* 

4 o 


b o 

B ® 

B • 


1. 0 
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rig. 1 

Sketches of the coils used in the 4*va!ve receiver. 
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TECHNICAL DATA 

1 . Sensitivity (for 50 mW output) in the medium and long-wave bands: 


at the diode 0.6 V(eflf) <( 

at the I.F. valve 20 mV(eflf) ' 
at the mixer valve 500 /iV(eflf) ^ 
at the aerial 180 ^V(efr> ^ 


I.F. stage gain: 30 
I Conversion gain factor: 40 
Voltage gain factor: 3 


2 . Selectivity 

Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 : 10 

M „ -f 8 and — 8 „ 1 : 100 

„ „ + 13 and — 13 „ 1 : 1,000 


3. Automatic gain control curve 

1 X normal input voltage corresponds to 1 x normal output voltage 

5 X .. «« ♦ 3 X *, 

10 X .. .. . „ 4 X 

100 X . . 8 X 

1,000 X .. .. .. . 16 X 


TABLE OF COILS 


Coil 

Number 
of turns 

Self-inductance 

Type of 
winding 

Dia. of 
former 
(mm) 

Dia. of 
wire 
(mm) 

Type of 
wire 

SI 

13 


close 

14 

0.1 

Enamel 

S2 

180 

— 

wave 

17 

0.1 

If 

S3 

680 

— 

19 

17 

0.1 

ft 

S4 

13 

approx. 1.3 /xH 

close 

14 

1 

9» 

S5 

2X58 

160 >) 

wave 

17 

15x0.05 

Litz 

S6 

310 

S5 + S6 = 2,160 nU •) 


17 

0.1 

Enamel 

S7 

2X57 

160 fiS. *) 


17 

15x0.05 

Litz 

S8 

294 

S7 -f S8 = 2,150 /xH ») 


17 

0.1 

Enamel 

S9 

7 

approx. 1.3 

close 

17 

0.5 * 

99 

SIO 

59 

75 /xH 

wave 

17 

0.1 

9# 

Sll 

118 

320 

>9 

17 

0.1 

99 

S12 

7 

close 

17 

0.1 

99 

S13 

35 

— 

wave 

17 

0.1 

99 

S14 

S151 

siel 

40 



17 

Iron 

0.1 

99 

Litz 

S17| 

818] 

2x130 


99 

core 

7 mm 

5x0.07 


*) S2, S3 and 86 shorted. 

*) 82 + 88 shorted in series. 
•) 88 shorted. 
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XVIII. 4-Valve, 2-circuit cascade receiver 

Valves used: “Miniwatt” KF 4, KF 4, 2 X KL 4. 

This is a simple receiver circuit employing an stage and grid dete<itor with 
reaction. The three wavebands are as follows: 

Long waves 806—^2,080 m 
Medium waves 199— 668 m 
Short waves 16— 60 m. 

Needless to say, the requirements to be imposed on a receiver of this type must not 
be too severe; if the set is to be used in the vicinity of a local transmitter it will be 
necessary to include a wavetrap in the aerial. 



Circuit given without any guarantees with respect to patent rights. 


Inductive coupling*of the aerial is adopted in order to provide uniform sensitivity 
throughout the wavebands and to minimize the effect of the aerial upon the losses 
and tuning of the circuit. 

Capacitors of 20 to 600 ^^F, in conjunction with a self-inductance of 160 juH, will 
give a medium waveband of 199 to 668 m, and with 2,160 a long-wave range of 
806—2,050 m. The inductance values of the aerial coils 8^ and 8^ are 800 and 10,760 juH 
respectively. As the wiring affects the short-wave inductances, it is not possible to 
give an exact figure for that waveband, but the number of turns indicated in the 
Table of Coils will give roughly the required range; the inductance values may be 
corrected in the receiver by adjusting the spacing of the turns on the coils. 

The R.F. valve is the KF 4 and the volume is controlled by varying the fUament 
current of this valve, which, moreover, operates on a fixed grid bias of — 1.6 V. In 
the second circuit the same self-inductances are employed as in the first, although 
the numbers of turns are slightly fewer, since there are no coupling coils in this circuit. 
The same coupling coil serves both the medium and long-wave bands. 
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Pentode KF 4 is used as grid detector and the output stage is coupled to it by a driver 
transformer of ratio 1 : (1.5 + 1,6). 

As shown in the circuit diagram, the winding of the latter is in two equal sections, 
with the two primary windings in parallel. This ensures a symmetrical arrangement, 
with equal capacitances of the windings on the grids of the valves. A resistor of 
20.000 ohms is connected across the primary side of the transformer, to ensure uniform 
frequency response. The grid bias for the output valve should be adjusted so as to 
give a total combined current on the two output valves of about 3 mA, with no signal. 
Sensitivity depends on the setting of the reaction control, but averages about 400 ^V. 


TABLE OF COILS 


Coil 

Number 
of turns 

Self-inductance 

Type of 
winding 

Dia. of 
former 
(mm) 

Dia. of 
wire 
(mm) 

T 3 "pe of 
wire 

SI 

13 


close 

20 

0.1 

Enamel 

S2 

175 

approx. 800 

w^ave 

20 

15x0.05 

Litz 

S3 

580 

approx. 10,750 /iH 

,, 

20 

0.1 

Enamel 

S4 

9 

— 

close 

20 

1 

P9 

S5 

2x48 

160 fill 1) 

wave 

20 

15x0.05 

Litz 

S6 

258 

S5 + «6 - 2,150 fM 2) 


20 

0.1 

Enamel 

S7 

9 

— 

close 

20 

0.15 

,, 

S8 

28 

— 

wave 

20 

0.1 

n 

S9 

8 

— 

close 

20 

1 


SIO 

2x47 

160 jiiR 3) 

wave 

20 

15x0.05 

Litz 

Sll 

250 

SIO 4- Sll -- 2,150/iH 


20 

0.1 

Enamel 


*) S3 and S6 shorted. 

•) S2 and S3 shorted in series. 
») S31 shorted. 
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XIX. 3-Valve, 2-circult cascade receiver 

Valves Vised: “Miniwatt” KF 4, KF 4, KL 4. ^ 

This circuit differs from Circuit XVIII only in the output stage, which inco^rates 
a single pentode instead of two of these valves in Class B. The output valve is resis- 
tance>coupled to the grid of the KF 4. 
















XX. 2-Valve receiver for local stations 

Valves used: “Miniwatt” KF 4, KL 4. 

This simple little circuit is intended for the reception of local transmitters only. 
It has t^e wavebands, viz: 

Long waves: approx. 900—^2,000 m 

Medium waves: „ 200— 550 m 

Short waves: 15— 50 m. 

The KF 4, as grid detector, is followed by a resistance-coupled output pentode KL 4. 



TABLE OF COILS 


Coil 

Number of 
turns 

Type of 
winding 

Diameter 
of former 
(mm) 

Diameter 
of wire 
(mm) 

Type of 
wire 

SI 

8 

close 

20 

Hi 

Enamelled 

S2 

108 

99 

20 


»i 

S3 

2 X 132 

wave 

20 


II 

S4 

11 

close 

20 


11 

S5 

60 

n 

20 

0.1 

II 

S6 

80 

wave 

20 

0.1 

II 
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CIRCUITS 

for small gramoplione amplifiers 



XXI. 25-Watt gramophone amplifier for A.C. mains operation 

Valves used: “Miniwatt” EP 6, EL 3, 2 X 4689, AX 1. 

This amplifier is equipped with Class A/B output, this stage comprising two type 4680 
valves. The first pre-amplifying valve is the EF 6 and the second the EL 3, connected 
as a triode. No separate rectifier is needed for the bias on the output valves, as these 
are self-biasing. 

The loudspeaker matching impedance between anodes is 6,600 ohms and the EL 3, 
connected as a tridoe, appears to be the best valve for the purpose from the point 
of view of freedom from distortion; the anode of this valve is fed through a resistor 
in parallel with the primary winding of the driver transformer, and a blocking capa¬ 
citor is fitted to prevent the D.C. from flowing through and pre-magnetizing the 
transformer. The screen is connected through a 100 ohm resistor to the anode, the 
object of this, as also of the 50,000 ohm resistor connected to the control grid, being 
to prevent R.F. oscillation of this steep-slope valve. As the high gain in this circuit 
may give rise to hum, the anodes of the EL 3 and EF 6 are decoupled by an R-C 
filter. 



The screen voltage for the output valves is tapped from a potential divider which 
itself [consumes 15 mA. The two halves of the A.F. transformer have resistors of 
64,000 ohms in parallel with them for the purpose of smoothing the frequency response 
curve, but these resistors are superfluous if a very high quality transformer is 
used, namely with high inductance on no-load and low leakage. Capacitors of 5,000 ^uyuF 
are connected across the anodes, also to improve the frequency response. The first 
pre-amplifier stage, using the EF 6, provides a stage gain of about 10, but greater 
amplification is not necessary, seeing that in this circuit an input signal of about 
0.1 V(eff) is sufficient for maximum excitation of the output valves. This voltage is 
in excess of what the average pick-up will deliver. 

The rectifier section employs the gas-filled rectifying valve AX 1, connected for full- 
wave rectification, and capacitors are fitted across the secondary side of the power 
transformer to suppress any interference that may originate in the valve. The smoothing 
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choke should be as large as possible, say 30 H, with a D.C, resistance of 180 ohms. 
A lamp is connected in parallel with the heaters of the valves to serve as a signal 
light. With a view to the acoustic properties of the amplifier, the loudspeaker is not 
mounted on the amplifier chassis and, in order to avoid the possibility of damage 
to the output valves when the speaker lead is disconnected from the amplifier sockets, 
a 4-pole jack should be used; two of the contacts are for the speaker itself and the other 
two make the connection between points A and B, so that when the plug is withdrawn 
the mains connection is simultaneously opened. 



Total distortion, 2Dd, 3rd, 4th and 5th harmonic distortion, as functions 
of the power measured at the loudspeaker. 
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XXll. 15-W gramophone amplifier for A.G. mains operation 
Valves used: “Miniwatt” AF 7, AL 4, 2 X 4683, AZ 1, 1816, 

The output stage of this amplifier comprises two 16 W triodes type 4683 in Class B, 
with fixed bias; the second pre-amplifying valve is the AL4, connected as a triode and 
coupled to the output stage by a driver transformer having a ratio of 1 : (1.5 + 1.5). 
The AF 7 is used as first pre-amplifying valve, with a volume control in the grid circuit 
and a tone control in the anode circuit. 



The output triodes 4683 are given a fixed bias, since the optimum output power with 
automatic bias would be about 4.5 W less; the required bias is about —75 V, this being 
supplied by another rectifying valve, the AZ 1, connected for half-wave rectification 
and operating on one half of the secondary winding of the power transformer. Together 
with the internal resistance of the AZ 1, capacitor forms a potential divider which 
reduces the voltage across the secondary winding to the required level of 75 V D.C,, 
and the voltage can be further adjusted by means of of 20,000 ohms. With 350 V 
on the anode and Vg — —76 V, the internal resistance of the 4683 is about 800 ohms, 
which means that the anode current is to a great extent dependent on variations in 
the anode voltage, i.e. about 1.3 mA per volt anode-voltage variation for each valve. 
It is therefore always advisable to adjust the bias on the output valves so that the 
total current consumed by the amplifier, with no signal, will be about 75—80 mA, 
as measured with the milliammeter connected across points A and B. The resistor 
i?ig, of 0.2 megohm, and capacitor Cn, of 0.6 //F, are for smoothing the grid bias. 

The driver transformer, the ratio of which, as stated, is 1 : (1.5 -f- 1.6), is so connected 
that it does not carry any current. 

The value of capacitor O, is 1 /aF, this being a suitable value to favour the bass 
response. The first pre-amplifying valve is the AF 7, with the volume control of 
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Fig. 1 

Distortion in the output stage o 
the amplifier as a function of the 
power,measured at the loudspeaker 


1 megohm in the grid circuit; a tone control, consisting of a potential divider 
(0.5 megohm) and capacitor (16,000 fi/xF), is connected across the anode circuit. 
The value of the coupling resistor of the AF 7 has been so selected that an alternating 
voltage of 0.15 Veff applied to the input terminals of the amplifier will fully load 
the output valves. 

For the valve feeds, the full-wave rectifying valve 1815 is used, with an electrolytic 
capacitor of 8 fiF (550 V), a choke of 20 H (180 ohms) and a second electrolytic 
capacitor of 32 ^F (450 V) for the smoothing. Anode voltages for the two pre¬ 
amplifying valves AF 7 and AL4 are smoothed separately by filters Ri^ = 0.2 megohm, 
r, = 8 //F and = 20,000 ohms, C\q — 0.5 /iF. 


Fig. 2 

Frequency response of the 
amplifier. 































XXIII. 6-Watt gramophone amplifier for 220 V A.G./D.G. mains 

Valves used: “Miniwatt” EF 6, 2 X CL 4, CY 2, C 1. 

This 220 V A.C./D.C. amplifier circuit is of simple design, employing only three 
amplifying valves, viz. the pentode EF 6 and two output pentodes CL 4; the first of 
these is the pre-amplifier, connected as triode, with a resistor of 100 ohms between 
the anode and the screen grid to suppress parasitic oscillation. The volume and tone 
controls are both in the grid circuit of this valve, the former consisting of a logarithmic 
potential divider of 1 megohm and the latter a logarithmic potential divider with 
a 4,000 /i/^F capacitor. A filter is also included in the input circuit, comprising a 
resistor of 0.1 megohm and 640 /M/^F capacitor, for the purpose of flattening out 



V LtimT oumm wthovt 4wr 0uammtu m to mTZMTo/OMn 

Circuit given without any guarantees in respect to patent rights 


the frequency response characteristic, which is fairly straight up to 7,000 c/s. The 
output stage, comprising two output pentodes operating in Class A/B, is coupled to 
the EF 6 by a driver transformer the ratio of which is 1 : (1.5 + 1.5). 

The valve beaters are connected in series, as shown in the circuit diagram, i.e. from 
the chassis end, the EF 6, the two CL 4 valves, rectifying valve CY 2, barretter C 1 and 
a signal lamp 8064; this sequence will ensure the least possible amount of hum. 
Resistors of 125 ohms are connected to the anodes of the CY 2 to protect the rectifying 
valve, and smoothing is provided by two electrolytic capacitors of 32 fiF (320 V), with 
a choke of 20 H (180 ohms). The anode voltage of the pre-amplifpng valve EF 6 is 
further smoothed by a resistor of 40,000 ohms with a 0.5 fzF decoupling capacitor. 
The effective output as measured at the loudspeaker is 6.2 W with 5 % distortion on 
an input of about 0.27 Veff to the amplifier. 

The input terminals of the amplifier are connected through capacitors of 20,000 
and as they are therefore isolated from the mains they can be safely handled. On the 
other hand, the chassis is at mains potential and should for the sake of safety be mounted 
in a suitable cabinet. It is advisable to locate the input terminals as far as possible 
from the speaker terminals. 
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Fig. 2 

Frequency response characteristic of the amplifier. 

A.F_current passing through the loudspeaker as a function of the 
frequency. 
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XXIV. 2-Watt gramophone amplifier for 110 V A.G./D.G. mains 

Valves used: “Miniwatt” EF 6, 2 X CL 6, CY 2. 

This circuit is for 110 V A.C. or D.C. mains operation. Owing to the fact that the anode 
voltage of the output stage is lower, the optimum output is not so great as in the case 
of Circuit XXIII. The output stage comprises two CL 6 valves in a balanced circuit. 





The pentode EL 6, connected as a triode, serves as pre-amplifying valve; to conserve 
voltage, the anode voltage of this valve is not separately smoothed, but this does 
not result in any noticeable hum. 

The 125 ohm resistors in series with the anodes of the rectifying valve in Circuit 
XXIII are omitted here, in view of the lower voltage. Otherwise, the fre¬ 
quency-response curve is the same as that of Circuit XXIII and the output 
power measured on a mains supply of 110 V is shown against the distortion in 

Fig. 1. The power at the 
loudspeaker is 2.2 W with 
10 % distortion, the input 
required to produce this 
being about 0.27 Ypff. 
The matching resistance 
in the output stage, 
measured between anodes, 
is 3,000 ohms. 

The common biasing 
resistor for the output 
valves should be 96 ohms 
and this can be made up 
by using one 1W, 100 ohm 
resistor and one 0.6 W, 
2,000 ohm resistor in 
parallel. In place of the 
baretter in the previous 
circuit, a resistor of 20 
ohms, 1 W, is employed, 



Fig. 1 

Distortion in the output stage as a function of the power as measured 
at the loudspeaker. 
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Philips measuring instruments 

for 

laboratories, workshops and test stations 



Philips Valve Tester “Cartomatic F* GM 7629 



Philips Valve 
Tester GM 7629 
is a service in¬ 
strument capable 
of performing all 
the usual tests on 
radio valves, as 
well as current, 
voltage, capacit¬ 
ance and resist¬ 
ance measure¬ 
ments. 

All the settings 
of the instrument 
are effected auto¬ 
mat ica 11 v by 
moans of a (*on- 
tact box having 
140 contacts (see 
Fig. 2) and suit¬ 
ably perforated 
cards (Fig.3). 
Only those con¬ 
tacts which are 

opposite to the perforations can be closed, and the correct strappings for the currents 
and voltages required for the measurement are therefore automatically established. 
Measurement is extremely simple, quick and reliable, and the required cards are 
supplied with each uiut. 

The 140 conical, silver-plated contact pins are disposed opposite solid silver <‘ontact 
plates which are automatically main tamed in a bright condition by the friction set 
up by the closing of the contact box. The latter also contains a safety contact, by means 
of A^hich the mains circuit is closed only vhen the card has been correctly inserted. 


11« l 

Philips Vahe Tester “Cartoiiiatic I” fjpe (iM 
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-Fiji. 2 

Contact box with 140 contacts. 


FIk H 

Perforated card. 











The unit is equipped with 12 different types of valve-holders to accommodate almost 
every current type of valve base, British, Cbntinental and American. 

A particularly sensitive milliammeter is fitted, capable of giving full deflection on 
0.5 mA, all the moving parts being of extremely light construction. The scal4, which 
can be quickly read, is 80 mm in length, with an overall diameter of 105 mm, and the 
instrument is protected by a rectifier connected in parallel with it; a choke is included 
in series with this rectifier in order that the measurement of pulsating direct voltages 
may not be affected. For the measurement of the emission of aU types of valves a 
special circuit is provided, whereby the limit at which a valve may be regarded as 
being no longer serviceable is in every case at the same point on the scale; if the 
pointer does not deflect beyond this point, in the red area on the scale; the valve 
emission is inadequate. It is therefore not necessary to work with tables of the limits 
at which different valves are considered to have lost their emission, thus effecting 
a considerable saving of time and trouble. 


VALVE MEASURING 


By operating in succession the eight switch buttons on the right-hand side of the 
panel, the requisite card having been duly inserted in the contact box and the latter 
closed, or not, a valve may be tested very quickly under the following headings: 

1. Broken filament 

2. Shorting electrodes 

3. Contact between metallizing and relative pin. 

4. Insulation between electrodes of “hot” valve. 

5. Adequate emission 

6. Mutual conductance 

7. Open-circuited leads to the electrodes. 

RANGES FOR D.C. MEASUREMENTS 


Range 
10 —500 V 
2 —100 V 
1 — 50 V 
0.2— 10 V 


Internal resistance 
500,000 ohms 
100,000 ohms 
100,000 ohms 
20,000 ohms 


RANGES FOR A.C. MEASUREMENTS 


Current consumption 
1 mA 
1 mA 
0.5 mA 
0.5 mA 


Range 
50—500 V 
10—100 V 
5— 25 V 
1— 5 V 


Internal resistance 
500,000 ohms 
100,000 ohms 
25,000 ohms 
5,000 ohms 


Current consumption 
1 mA 
1 mA 
1 mA 
1 mA 


RANGES FOR D.C. MEASUREMENTS 

Range 

20 —1,000 mA 
10 — 500 mA 
2 — 100 mA 
0.5— 25 mA 

0.1— 5 mA 

RANGES FOR A.C. MEASUREMENTS 

Range 

100—1,000 mA 
100— 500 mA 
10— 100 mA 
5 — 26 mA 


Voltage drop 
0.1—0.26 V 
0.1—0.25 V 
0.1—0.25 V 
0.1—0.25 V 
0.1—0.25 V 


Voltage drop 
5*V 
5 V 
5 V 
5 V 


387 



RANGES FOR RESISTANCE MEASUREMENTS 

60,000 ohms — 6 megohms 

10,000 ohms — 600,000 ohms 
1,000 ohms — 60,000 ohms 
20 ohms — 4,000 ohms 

1 ohm — 200 ohms 

RANGES FOR CAPACITANCE MEASUREMENTS 

10 — 200 //F 

1 — 20 

0.1 2 

0.03 — 0.5 yuF 

1,000 — 30,000 fijLiF 

MEASUREMENT OF ALTERNATING OUTPUT VOLTAGES 

For the measurement of the alternating output voltage of a receiver, three cards 

are provided, for ranges of 25, 100 and 600 V. 

SHORT-CIRCUIT TEST 

For detecting the presence of a short circuit, a neon tube is provided, which lights 
up when the test leads are shorted. 

POTENTIOMETER FOR MAINS VOLTAGE 

The unit is fitted with a potentiometer for the accurate adjustment of the mains 
supply, to ensure that all the tests are carried out at the correct potentials. 

VALVES 

AX 1 Full-wave rectifying valve for the anode feed. 

1823 or 506 K Full-wave rectifying valve for the grid bias. 

2 X 4367 Neon stabilizers for control- and screen-grid voltages. 

8041 Signal lamp to indicate broken filament. 

9612 Neon tube for short-circuit test. 

MAINS CONNECTION 

The unit incorporates a tapping switch for use on all the mains supplies from 100 to 
250 V, 60—100 c/s. 

DIMENSIONS 

Width 49 cm 
Depth 40 cm 
Height 28 cm 

WEIGHT 

Complete: 20 kg nett. 
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Philips Universal Measuring Bridge “Philoscop” GM 4140 

^This is a new and very practical 
instrument for measurements of 
resistance and capacitance^ which 
excels by i'cason of its small 
dimensions, light weight, low test 
voltage, extra high sensitivity, 
reliability and simplicity in opera¬ 
tion. The entirely new principle of 
the bridge circuit enables the unit 
to be employed for the most 
divergent purposes. 

The “Philoscop” is adapted for 
feeding from all available A.C. 
mains voltages from 100 to 250 V 
and operated on frequencies be¬ 
tween 40 and 10,000 c/s; no 
batteries are required. 

It is especially important when 
carrying out measurements on 
chemical solutions (electrolytes, 
etc.) that the instrument used can 
be fed with high-frequency current. 
Philips iini\(‘rsAl nicasurin;^ liridgo “Philoscop” (IM 4140. The test voltage, obtained by 

transforming the feed voltage, is 
only 1 V, which means that low resistance values and high capacitances can be measured 
without difficulty; low value resistances otherwise quickly run a risk of being overloaded. 
The finely calibrated range of measurement is particularly wide, including as it does 
capacitances of 1 fifiF to 10 and resistances of 0.1 megohm to 10 megohms, 
whilst by means of separate standard inductances it is also possible to measure self- 
inductances. The range, furthermore, can be extended to some hundreds of micro¬ 
farads or megohms. 

The zero-indicator is not the usual type of pointer instrument but is a Philips electronic 
indicator EM 1, the action of which is not subject to any lag and which is, moreover, 
parallax-free; this indicator contains a triode as amplifying valve, and the high sensiti¬ 
vity thus obtained is further augmented by a pre-amplifier stage with a pentode valve. 
A direct reading of all results is obtained from a single scale, accurate to within 2 %, 
which eliminates the old and cumbersome method of working with calibration curves. 
Zero-calibration is effected by means of the instrument itself. The “Philoscop” will be 
found an indispensable instrument in many kinds of laboratories and factory pro¬ 
duction departments. 

TEGHNICALiDATA 

BangeSf'^uaing the hvMUin standard resistances and capacitances: 

Resistances: 0.1 ohm — 10 ohms 

10 ohms — 1,000 ohms 

1,000 ohms — 0.1 megohm 

0.1 M ohm — 10 megohms 

Capacitances: 10 jupF — 1,000 /i/iF 

1,000 ///iF — 0.1 

0.1 /i/iF — 10 juiF 
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Capacitances between 1 fifiE and 10 /i/iF can also be measured accurately, and the 
ranges may be further extended to some hundreds of //F and megohms by using 
separate standard resistances and capacitances. 

Self-inductances. These can also be mea¬ 
sured, by means of separate standard induc¬ 
tances. 

Low test voltage. The voltage on the 
bridge is not more than 1 V, A.C. 

Accuracy of measurement. The degree of 
accuracy in all ranges is 2 %, but when 
separatate standard resistances and capaci¬ 
tances are employed the accuracy may be 
increased at least to 0.1 %. 

Single scale. All results are read from one 
and the same scale. 

Calibration by means of the instrument ifsilf. 
By setting the swdtch to the “Calibrating” 
position, it is possible at all times to check 
the correctness or oiherwise of the zero 
adjustment. 

Cor fit itrnsly variable sensitivity. Owing to the fact that the sensitivity is continuously 
variable, approximate measurements may be made in quick succession at low 
sensitivity, whilst more accurate readings may be taken with the 8en8itivit\ at its 
maximum. 



Fig. 1 

Calibration ol the scale. 


Zero indication without inertia cr %aralUix. The electronic indica¬ 
tor functions without the slightest lag and is quite free from the effects 
of parallax, allowing quick and accurate readings. 

A. C. Supply. The unit is suitable for use on all lighting mains between 
100 and 250 V, and for all sources of alternating current at frequencies 
of 40—10,000 c/s. 

D. C. Supply. If the bridge is to be used on direct-current mains, one cf 
the following auxiliary instruments will also be required: 

“Vibraphil” vibratory converter Type 7710 for 110 V D.C., or 
“Vibraphil” vibratory converter Type 7711 for 220 V D.C. 

For use on a 6 V car battery, the “Vibraphil” vibratory converter 
Type GM 4226 is employed. 

1000 ejs supply. For the measurement of electrolytes, the bridge is fed 
with a voltage of frequency 1,000 c/s, e.g. as supplied by the A.F. oscilla- 
ter GM 4260, instead of the normal 50 c/s test} voltage. 

Mains voltage fluctuations. The bridge is not affected by variations in the mains 
voltage. 

Insensitivity to mechanical vibration. Although the electronic indicator is extremely 
sensitive electrically, it is unaffected by the usually unavoidable jarring and vibration 
occurring in everyday use. 

Consumption. On 220 V mains supplies the consumption of power is only 11 W. 
Dimensions. The dimensions are quite small, viz: length 17.5 cm, width 13.5 cm, 
height 13 cm. 

Weight. The weight, including valves, is 2.9 kg. 

Valves. EM 1 — Electronic indicator 
EF 6 — Amplifier pentode 
AB 2 — Full-wave rectifying valve 
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Fig. 3 
Pileotronic 
indicator. 


V 


Philips Cathode Ray Oscillograph GM 3152 



1 

Philips Cathode Kay Oscillograph C»M 3152 


Sf9U 


mechanical, thermal and optical phenomena. 


Philips portable cathode ray oscil¬ 
lograph GM 3152 is housed in a 
robust metal case (see Fig. 1), con¬ 
taining all the essential elements, 
viz. Philips high-vacuum C.R. tube 
with 95 mm screen, time base, 
variable frequency between 2 and 
150,000 c/s, a 2-stage amplifier 
having a range of 10 to 1,000,000 c/s, 
and a supply unit. 

Owing to its relatively light weight 
and small dimensions this precision 
instrument is an extremely handy 
and easily portable piece of equip¬ 
ment. Its applications are so 
extensive that, in conjunction 
with simple transducers, it is also 
suitable for the measurement of 


PHILIPS CATHODE RAY TUBE 

The cathode ray tube contained in this unit has a screen diameter of 95 mm and, apart 
from the electron-optical system, comprises two pairs of perpendicularly opposed 
deflector plates. The following tubes may be employed in this unit: 

DN 9-3 (long persistent) 

DG 9-3 (green fluorescence) 

DB 9-3 (blue fluorescence) 

TIME BASE 

The time base includes three high-va(*uum pentodes, and the frequency of the linear 
base is continuously variable between 2 and 150,000 c/s. For the adjustment of the 
frequency a 10-way switch with potential divider for vernier reading is provided. A 
single-impulse time base is also included. 

STATIONARY IMAGES 

For stationary images, the time base can be synchronized as required with the fre¬ 
quency on test, the mains, or any other externally applied frequency. 


AMPLIFIER 
The built-in linear am¬ 
plifier consists of a pre¬ 
amplifier with a balan¬ 
ced output stage; the 
anode voltage for the 
former stage is stabilized 
by means of a Philips 
7475 neon tube. Fig. 2 
depicts the frequency 
characteristic of the am¬ 
plifier, from which it will 



Fig. 2 

Frequency characteristic of the amplifier. 
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be seen that the amplification between 10 and 1,000,000 c/s is linear to within ± 2 dB. 
The overall gain, which exceeds a factor of 1,600, is adjustable in three stages by 
means of the sensitivity switch and is further continuously variable. 

Sensitivity of the oscillograph. The total sensitivity is 6 mVoff per cm image 
height; without amplification the sensitivity is 10 Veff per cm. 

Input impedance. The normal input impedance, using the sensitivity switch, is 
10,000 ohms, and the maximum permissible voltage is 45 V. 

High input impedance. When the sensitivity switch is not operating the input 
impedance is 1 megohm and the input capacitance 20 jupF, 

ULTRA SHORT WAVES. 

For the measurement of ultra short waves, for example 60 Mc/s (5 metres), there is 
at the rear of the unit a terminal plate which is in direct contact with the deflector 
plates. In this way all long leads and stray capacitances are eliminated. 
SUPPRESSION OF THE CATHODE RAY 

Fitted on the terminal plate on the back panel is a switch for suppressing the cathode 
ray; by applying 45 V D.C. to the unit and reversing the switch it is possible to 
suppress the ray for a certain period, thus facilitating certain kinds of observation or 
photographic recording. 

MAINS CONNECTION 

The unit has a voltage tapping switch covering all normal mains voltages, viz. J10 V> 
125 V, 145 V, 200 V, 220 V and 245 V, 40—100 c/s. Adjacent to this switch, two 
fuse-holders are fitted to accommodate 1-A fuses. The unit can be used on D.(\ 
mains in conjunction with Philips “Vibraphil” vibratory converter Type 7710 for 
110—145 V, or Type 7711 for 220—245 V, D.C. 

Consumption, The total consumption of pow('r is approxitnately 100 W. 

SUPPLY SECTION 

This osciUograph contains two rectifiers, namely one for the anode feeds of the six 
amplifier pentodes and time base, and one for the C.R. tube. For the smoothing 
of this potential, of about 1,000 V, Philips “Microlyte” capacitors, connected in series, 
are employed, these ensuring high capacitance and effective smoothing. 

The whole of the feed section is screened from the rest of the unit by a steel screening 
plate. 

VALVES: 


There are in all 10 valves, viz: 

1 C.R. tube DN 9-3 (long persistent), or 
DG 9-3 (green screen), or 
DB 9-3 (blue screen) 


Amplifier 
Time base 


Supply section 


WEIGHT: 

DIMENSIONS: 


1 amplifier pentode 4673 for the input stage 

2 amplifier pentodes 4673 in balanced circuit. 
1 charging pentode 4673 

1 discharging pentode (9 W) AL 4 
1 modulator and synchronizing pentode 4673 
1 high-voltage rectifying valve 1876 
1 full-wave rectifying valve AZ 1 
I neon tube for stabilization, type 7475. 

The weight, complete, is about 19 kg. 

Length 42 cm 
Width 22.5 cm 
Height 29 cm 



lips Cathode Ray Oscillograph GM 3155 

This portable cathode ray oscil¬ 
lograph was designed for the 
rapid qualitative measurement of 
periodic electrical phenomena. The 
auxiliary apparatus contained in 
the unit makes it possible to carry 
out numerous types of measure¬ 
ment without the aid of additional 
equipment, and the circuits are 
sufficiently universal to permit of 
investigations into mechanical, 
magnetic and other phenomena 
when used in conjunction with 
simple transducers. 

Measurements of heavy currents 
can likewise be effected, e.g. the 
two built-in amplifiers can be em¬ 
ployed for phase measurement. 
Screws are provided at each side 
of the fluorescent screen for attach¬ 
ment of a transparent scale or 
camera stand. 

In conjunction with Philips Service 
Oscillator GM 2880 or GM 2882 and Philips Frequency Modulator GM 2881, this 
cathode ray oscilloscope is eminently suitable for the rapid servicing of radio receivers, 
R.F. amplifiers and so on; the tuning curve of a receiver can be traced directly from 
the fluorescent screen of the C.R. tube and, further, the selectivity can be measured 
with sufficient accuracy for all practical purposes. 

CONSTRUCTION AND CIRCUITS 

The oscillograph is housed in a sprong metal case and comprises the following main 
units: Philips high-vacuum C.R. tube (70 mm screen), time-base with frequency variable 
between 20 and 20,000 c/s, two single-stage amplifiers, one for the horizontal and one 
for the vertical deflection and having a range of 25—100,000 c/s. Special facilities are 
provided for modulation of the ray. The feed section consists of 2 separate rectifiers. 
All the controls are clearly marked and calibrated. 

PHILIPS C.R. TUBE DN 7-2 

The Philips high-vacuum C’. R. tube DN 7 —2 fitted in this unit has a 70 mm screen; 
the deflector plates are in two pairs, perpendicular to each other. 

TIME BASE 

The built-in time base includes a charging pentode 4673 and a gas-filled discharging 
triode 4690; the linear time-base frequency is variable between 20 and 20,000 c/s, 
the different ranges being controlled by switches. Throughout the whole frequency 
range the amplitude of the time-base is variable from about 2 to 5 cm. 
SYNCHRONIZED TRACE 

For stationary images the time-base may be synchronized with either the frequency 
under investigation or an externally applied voltage or, again, with the mains frequency. 
AMPLIFIERS 

The two amplifiers contained in the unit, for the horizontal and vertical defection, 
are each equipped with a pentode 4673. 








, 0 0 


Fig 1 

Philips Cathode Kay OscllloKraph OM 3155. 
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FREQUENCY RANGE 

The linear frequency range of the two amplifiers is 25—100,000 c/s, and with the 
feed-back in circuit the linearity is within i: 1 dB. 

TEST SENSITIVITY 

The maximum sensitivity of the amplifier for perpendicular defiection is 126 mVeff 
per cm overall height of the trace, with the feed-back switched off; with the latter 
fuDy applied the sensitivity is 830 mVeff per cm and when partially applied 
350 mVeff per cm. 

Without amplification the sensitivity is 17 Vett per cm and that of the amplifier 
for the horizontal deflection, which works with feed-back in every case, is about 30 % 
less than that of the vertical amplifier with feed-back switched on. 

INPUT RESISTANCE 

When the potential divider for controlling the sensitivity is in use the input resistance 
of the vertical amplifier is 10,000 ohms; the maximum permissible voltage is 45 V. 
With the potential divider turned fully anticlockwise (“off” position) the input 
resistance is 1 megohm and the maximum voltage 150 V. 

MODULATION OF THE RAY 

Terminals are provided at the rear of the unit for the purpose of modulating the 
ray with an external alternating voltage. 

MAINS CONNECTION 

A tapping switch is provided so that the unit may be used on 110 V, 125 V, 145 Vf 
200 V, 220 V or 245 V, 40—100 c/s mains, and the necessary fuses are fitted. The 
oscillograph can be used on D.C. mains in conjunction with a “Vibraphil” vibratory 
converter Type 7710 (110—145 V), or Type 7711 (220—245 V mains). 

CONSUMPTION 

The total consumption is about 40 W. 

VALVES 

There are in all 6 valves: 

1 high-vacuum cathode ray tube I)N 7-2 

1 R.F. amplifier pentode (vertical deflection) 4673 

1 R.F. amplifier pentode (horiz. defl.) 4673 

1 gas-filled discharging triode 469(J 

2 half-wave rectifying valves 1876 

WEIGHT 


The total weight 

is approx. 7.7 kg. 

DIMENSIONS 


Height 

22 cm 

Width 

17 cm 

Depth 

24 cm (without knobs) 
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Philips Electronic Switch GM 4196 

The electronic switch is used as 
auxiliary equiptnent with a cathode 
ray oscillograph. By means of this 
unit two different electrical phe¬ 
nomena can be observed simul¬ 
taneously and independently on 
the fluorescent screen of the C.R. 
tube, thus greatly extending the 
field of application of the latter. 
The electronic switch depends for 
its action on the fact that it enables 
the two electrical phenomena to be 
reproduced alternately, at a very 
high frequency. Since the fluores¬ 
cent coating on the screen gives 
a certain amount of persistence, 
whilst the human eye, on the other 
hand, exhibits a certain lag, the 
two oscillograms are ‘‘seen’* simul¬ 
taneously. The switching, which 
takes place at about 10,000 per 
second, is produced by high- 
vacuum valves; hence the term 
“electronic switch”. Using this instrument, it is possible to adjust two images to a 
common zero line on the screen or, if required, to separate lines, one above the other, 
without modification of the phasing; it is thus possible to observe in detail the ampli¬ 
tude, wave form, frequency ratio and phase displacement of any two given voltages. 
The electronic switch GM 4196 was designed especially for use with the cathode ray 
oBcillcjscopo GM 3152 and its practical performance has already earned for it a very 
great deal of interest. By means of this unit it is possible with only one oscillograph 
to carry out investigations which would normally require two such instruments; the 
features which this unit offers will make it a welcome addition to the equipment of any 
laboratory. 

OUTSTANDING FEATURES 

The more important features of Philips Electronic Switch GM 4196, when used with 
Pliilips Cathode Ray Oscillograph, are as follows: 

1. T'wo voltages or currents may be oscillographed at the same time but quite 
independently. 

2. The two oscillograms may be adjusted as desired to a single zero line, or two 
separate lines. 

3. The phasing of the two phenomena remains unaffected. 

4. The two signals may be amplified separately. 

5. The frequency of switching is about 10,000 c/s, giving an image of excellent 
quality. 

6. Due to the use of a carefully adjusted compensating circuit, the switching voltage 
is very nearly rectangular, resulting in a very clear image. 

7. Only high-vacuum valves are used in this unit; it does include any mechanical 
devices. 



fik. 1 

PhilipB Electronic Switch GM 4196. 
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WORKING PRINCIPLE 

The working of the instrument is as follows: two separate high-vacuum valves are 
alternately switched on and off with the aid of a multivibrator delivering a voltage 
the frequency of which is about 10,000 c/s. In this way the oscillogram is built up from 
very small elements, traced at the frequency of 10,000 per second, giving the impression 
that the trace consists of a full line. This applies to all phenomena of a frequency 
above 400 or 500 c/s. 

The electronic switch is fully equipped for use on lighting mains of all A.C. voltage®, 
being quickly strapped to suit any local voltage. 

TECHNICAL DATA 

Amplifiers I and II 

Each of the applied signals can be amplified separately, within a frequency range 
having its lower limit at about 25 c/s, the upper limit being determined by the fn^quency 
of the multivibrator, which is approximately 10,000 c/s; a fundamental frequency 
of 500 c/s can therefore be oscillographed with perfectly clear definition. 



S/3/J 


FiK 2 

Tlio electronic h witch enables two 
cliaracteristics to be observed as Howl¬ 
ing lines. 


Fiji U 

The larjie amplitude makes it possible 
to reproduce the mechanical vibration 
of an electric motor; the vibration of 
small amplitude is that of a normal 
frequency of 500 c's. 



j/j/# 



Fij;. 4 

The sinusoidal curve illustrates the primary voltajie of the transformer; 
the flattened curve in a is that of the secondary voitajie and the 
sharply peaked curves in b the primary current. In both cases the Sri 
harmonic is very marked. 
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Each amplifier has two sets of input sockets, one for the low voltage, of minimum 
0.1 Veff to maximum 75 Veff, having an input impedance of 50,000 ohms, and one 
for minimum 2 Veff to maximum 300 Veff with an input impedance of 1 megohm'. One 
of the input sockets is in each case earthed. 

Multivibrator 

The built-in multivibrator delivers a voltage of rectangular wave form, of about 
10,000 c/s. The switching impulses, which in many well-known circuits produce inter¬ 
ference, have been here reduced to a negligible minimum, as will be seen from the 
oscillogram. Figs. 2 and 4. 

Variable zero4ifie 

A common zero-line or two separate lines can be obtained as desired by means of a 
potential divider. 

Connection to oscillograph 

The electronic switch has two sockets for connection to the oscillograph, one being 
earthed. 

Mains connection 

The instrument is intended for use on A.C. mains; a red signal lamp lights up as soon 
as the mains switch is closed. This unit can be adapted for all mains supply voltage 
between 100 and 250 V, 40—60 c/s, by means of a tapping switch. The consumption 
of power is approximately 30 W at 220 V. 

Valves 

2 R.F. pentodes EF 6 
2 9-W pentodes EL 3 
1 rectifying valve EZ 3 
1 signal lamp 8045 D-07. 

Weight and dimensions 

Weight: approx. 5.5 kg 
Dimensions: 

Length 25 cm (over the knobs 27 cm) 

Width 23 cm 
Height 27 cm 
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Philips Service Oscillator GM 2882 



sarr 


The practical build, the type of circuit employed, and speciaUy designed compo¬ 
nents of the Philips Service Oscillator GM 2882 give this instrument many advantages 
over earlier types. It is extremely simple in operation. 

1. The number of controls has been reduced to a minimum. 

2. The frequency is read from the scale direct in kc/s or Mc/s. 

3. A direct indication of the input voltage is shown on the attenuator. 

The power consumption, physical dimensions and weight have all been reduced as 
far as possible for this type of unit, making it an extremely practical service oscillator 
for the calibration of station dials, trimming of circuits and checking sensitivity, 
A.G.C. and automatic tuning. 

The entire frequency range is divided into 6 bands and the output voltage is contin¬ 
uously variable between 1 /iV and 100 mV. For selectivity measurements, moreover, 
an attenuator, calibrated in steps of 1 : 10 , is combined with a dummy aerial at the 
end of the cable. The signal can be modulated to a depth of 30 % by the built-in 
400 c/s oscillator, or an external frequency can be employed for modulation to a depth 
of 80 ^ 0 * 

Every possible measure has been taken to ensure the highest possible stability 
of the frequency; the design of the oscillator coils and their switching aims at 
the shortest possible connections in each waveband. The coils are mounted on a disc 
which is rotated by the control knob to six different positions, introducing a fresh 
coil at each setting; in this way the same short leads to the variable capacitor and 
oscillator valve are employed in each case, so that neither mechanical nor electrical 
effects can disturb the stability of the frequency. 

The oscillator coils themselves are so constructed that they have a negative temperature 
coefficient, to compensate the positive coefficient of the variable capacitor; temperature 
stability of the oscillator circuit is therefore very good. The oscillator valve is the 
steep-slope pentode EF 60 which was specially developed for operating on very high 
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frequencies, and accordingly the oscillator frequency is to a very high degree 
independent of any fluctuations in the mains voltage. , 

Moreover, the frequency is not affected by the setting of the attenuator, whilst 
frequency modulation is obviated by the use of a special circuit consisting of a separating 
stage between the oscillator valve and the attenuator; the modulation, therefore, 
is practically undistorted, even at very high frequencies. 

The frequency scale gives readings which are accurate to within 1 %, this being usually 
ample for the trimming of radio-receiver circuits; an ingenious type of potentiometer, 
operated by a single knob, controls the attenuator, thus reducing the total number 
of controls on the unit to four, these being as follows: 

1 . wave-range control 

2. tuning 

3. attenuator 

4. on-off and modulator switch. 

TECHNICAL DATA 

Frequenc}/ ranges, 1) 100— 300 kc/s, 3) 1— 3 Mc/s, 5) 10—^30 Mc/s, 

2) 300—1,000 kc/s, 4) 3—10 Mc/s, 6 ) 30—60 Mc/s. 

K, F, Voltage, The maximum obtainable R.F. voltage is 100 mV. 

Attenuator, The attenuator controls the signal continuously, down to < 1 fxV, An 
attenuator 1 : 10 is also included with the dummy aerial. 

Modulation, Internal modulation of 400 e/s (mod. depth 30 %); external modulation 
up to 10,000 c/s (mod. depth up to 80%). 

A, F. Voltage, The A. F. voltage for internal modulation may be tapped from the 
connecting socket for the external modulation; this voltage is 1.5 V at 400 c/s. 

Calibrated scale Calibration of the scale is in kc/s and Mc/s, to within a tolerance 
of 1 giving a high degree of accuracy in reading. 

Constant frequency. It is of the greatest importance that the frequency should be 
as constant as possible; the frequency is constant to within 0.02 % for voltage variations 
of 10 and to within 0.1 °o with an increase in temperature of 10 %, so that the 
accuracy of the scale is superior to all these factors. 

Frequency modulation is negligible. 

Valves. Oscillator valve EF 50 A.F. oscillator valve EF 6 

]Modulator valve EF 50 Rectif 3 dng valve EZ 2 

Signal lamp 8060-00. 

Mains voltage. 

The service oscillator is suitable for use 
on all A.C. mains, viz. 110 V, 125 V, 
145 V, 200 V and 245 V d= 10 %, 50-100 
c/s. The unit is fully mains-operated.' 
Consumption, 

18 W 

Dimensions, 

Width 33.3 cm 
Height 22 cm 
Depth 16.5 cm 
Weight, 

8.5 kg 
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Pkilips Frequency Modulator GM 2881 



Philips Frequency Modulator 
GM 2881 is used for the purpose 
of visually testing the tuning 
curves of radio receivers and 
R.F. amplifiers; it should be 
employed pi*eferably in con¬ 
junction with Philips Service 
Oscillator GM 2882 and the 
small Cathode Ray Oscillograph 
GM 3155, although, naturally, 
the larger oscillograph GM 3152 
will also serve this purpose. 

OUTSTANDING 

FEATURES 

This frequency modulator has 
the following features to offer; 

1. The tuning curve and the 

Philips Frcquonoy Modulator <iM 2881. output amplitude are ren¬ 

dered directly visible in 
combination with ea(*h other; any deviations in the form of the tuning curves 
are immediately observed. 

2. Simple readings and operation, rapid control of the tuning curve on wide or narrow 
bandwidth (variable bandwidth). 


3. Direct reading of bandwidth in kc/s; range of measurement up to about 25 kc/s. 

4. Adjustment of tuning curve in accordance with a standard characteristic. 

5. Effects of trimming upon the tuning curve are immediately visible. 

6 . When the R.F. voltage and A.F. voltage immediately after detection are oscillo- 
graphed, the effect of the detection on the tuning curve can be determined, 

7. The frequency scale of the oscillogram can be matched with the form of the tuning 
curve (bandwidth). 


CIRCUIT 

The modulator contains two o(*todes CK 1 which serve respectively as mixer valve and 
frequency modulator and, further, a full-wave rectifying valve AZ 1. In principle the 
working of the instrument in conjunction with Service Oscillator GM 2882 and the 
oscillograph is as follows. The service oscillator delivers a certain R.F. signal /g and 
the frequency modulator another signal fi of4,000 kc/s (maximum tolerance ± 1.5 %); 
suppose that the frequency of the required R.F. signal, to which the receiver is tuned, 
is fo, then the frequency of the service oscillator will be adjusted to fi —R.F. 
tuning of the receiver. 


FREQUENCY MODULATION 

The time-base voltage of the cathode ray oscillograph is employed for frequency 
modulation, this saw-tooth voltage being used to modulate the R.F. test signal between 
25 kc/s above and below the mean frequency (varying impedance of the octode). 


SELECTIVITY CURVES 

The amplifier in the cathode ray oscillograph GM 3152 has a linear frequency charac¬ 
teristic of 10—1,000,000 c/s, enabling both the tuning curve of the R.F. signal » 
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that of the A.F. signal to be reproduced (to ascertain the effect of the detector); 
the oscillograph GM 3155, the two ampliffers of whi^h have a linear characteristic 
of 25—100,000 c/s, permit of inspecting the tuning curve only with the A.F. s%nal, 
although this is quite sufficient for most service purposes. 

WIDTH OF TUNING CURVE 

The frequency(4,000 kc/s) of the oscillator in the modulator unit is variable through 
a range of about ± 25 kc/s, the scale being generously proportioned and clearly 
calibrated in kc/s. When the control is rotated from the “off” position in the direction 
“ + or — 25 kc/s, the tuning curve moves from left to right on the screen, so that 
the bandwidth can be read directly in kc/s at any desired point on the curve, with 
an accuracy that is quite ample for all practical purposes. The height of the oscillogram 
is directly proportional to the R.F. or A.F. signal of the receiver under test. 

CONNECTIONS 

Sockets for connection of the frequency modulator to the service oscillator GM 2882 
are provided on the left-hand side of the metal case. On the right is an R.F. cable 
with dummy aerial. 

VALVES 

Oscillator and mixer valve: octode CK 1 
Frequency-modulator valve: octode CK 1 
Full-wave rectif 3 ing valve AZ 1. 

MAINS CONNECTIONS 

The unit is fitted with a tapping switch for voltages of 
110 V, 125 V, 145 V, 200 V, 220 V and 245 V. 

CONSUMPTION 
Approx. 20 W. 

WEIGHT 

The total weight, including valves, is about 4.4 kg. 

DIMENSIONS 

Depth (with knobs) 23 cm 

Depth (without knobs) 20 cm 

Height 20 cm 

Width 15 cm 
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Plillips ^A. F. Signal Generator GM 2307 



Philips A.F. signal generator 
GM 2307 furnishes a very con¬ 
stant alternating voltage of 
a variable amplitude^ so that 
it is suitable for all measure¬ 
ments falling within the range 
of 30—16,000 c/s. 

The test frequency is produced 
by filtering out and amplifying 
the beat frequency obtained 
from two R.F. oscillators, pre¬ 
set to different frequencies. The 
frequency of the A.F. signal 
IS of course the difference 
between the two R.F. fre¬ 
quencies. 


Fi« 1 OUTSTANDING 

Philips A F siRnal generator (»M 2307 FEATURES 

1 . High accuracy of scales. 

2. Wide frequency range. 

3. Constant output voltage throughout the range. 

4. During warming up, very httle change in frequency and amplitude of the signal. 

5. Practically no effects of mains voltage fluctuations. 

6 . High output voltage, with balanced output stage if required, also when the atten¬ 
uator is in use. 


7. Output can be matched to four different load impedances. 

8 . Good sinusoidal wave form; very weak harmonics. 

9. Very low ripple voltage. 

10. The zero point of the A.F. beat frequency can be accurately adjusted by means 
of the electronic indicator. 


TECHNICAL DATA 

Freqtiency range. The right-hand frequency control covers a range of 0—1,000 c/s 
and the left-hand control 0—16,000 c/s; the readings of the two controls are additive 
and the maximum frequency (with both controls at maximum) is therefore 16,000 c/s. 

Frequency variation during warming-up period. After 10 minutes from the time 
the unit is switched on, the difference in frequency for the next three hours is less 
than 20 c/s, after which there is no further variation at all. 

Setting and accuracy of frequency scales. With both scales set to zero the fre¬ 
quency is adjusted to the zero point with the aid of an electronic indicator, after which 
adjustment the scale tolerance is ± 1 % from 200 to 16,000 c/s; between30and200o/s 
the maximum deviation is 2 c/s. 

Frequency curve. The deviation in the linearity of the curve is less than ± 2.6 % 
between 30 and 16,000 c/s, this applying to all settings of the matching switch. 

Matching. The output of the instrument can be matched to the following loads by 
means of a switch: 
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